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NOTE: "All applicants are requested to include a preliminary classification on newly filed patent 

applications. The preliminary classification, preferably class and subclass designations, should be 
identified in the upper right-hand comer of the letter of transmittal accompanying the application 
papers, for example 'Proposed Class 2, subclass 129.' " M.P.EP. § 601, 7th ed. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

NEW APPLICATION TRANSMITTAL 

Transmitted herewith for filing is the patent application of 
lnventor(s): j e ff Schulz 



WARNING: 37 C.F.R. § 1.41(a)(1) points out: 

"(a) A patent is applied for in the name or names of the actual inventor or inventors. 

"(1) The inventorship of a nonprovisional application is that inventorship set forth in the oath or 
declaration as prescribed by § 7.63, except as provided for in § 1.53(d)(4) and § 1.63(d). If an 
oath or declaration as prescribed by § 1.63 is not filed during the pendency of a nonprovisional 
application, the inventorship is that inventorship set forth in the application papers filed pursuant 
to § 1.53(b), unless a petition under this paragraph accompanied by the fee set forth in § 1.17(f) 
is filed supplying or changing the name or names of the inventor or inventors, " 

For (title): DUAL OPTIMALITY FOR DIFFERENT DATA RATE BACKPLANE TRANSFERS 



CERTIFICATION UNDER 37 C.F.R. § 1.10* 

(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 

I hereby certify that this New Application Transmittal and the documents referred to as attached therein are being 

deposited with the United States Postal Service on this date October 11, 2000 t j n an envelope 

as "Express Mail Post Office to Addressee," maiiing Label Number EL707030227US % ad- 
dressed to the: Assistant Commissioner for Patents, Washington, D.C. 20231 . 

Tracey L. Milka 

{type or print name of person mailing paper) 

Signature of pers4n maiiing paper 

WARNING: Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R. §1.8 cannot be 
used to obtain a date of maiiing or transmission for this correspondence. 

*WARNING: Each paper or fee filed by "Express Mail" must have the number of the "Express Mail" maiiing label 
placed thereon prior to mailing. 37 C.F.R. § 1.10(b). 

"Since the filing of correspondence under § 1.10 without the Express Mail mailing label thereon 
is an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this 
requirement will not be granted on petition. 9 Notice of Oct 24, 1996, 60 Fed. Reg. 56,439, at 56, 442. 
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1, Type of Application 

This new application is for a(n) 



(check one applicable item below) 

SO Original (nonprovisionai) 

□ Design 
□ Plant 

WARNING: Do not use this transmittal for a completion in the U.S. of an international Appiication under 35 
U.S.C. § 371(c)(4), unless the International Application is being filed as a divisional, continuation 
or continuation-in-part appiication. 

WARNING: Do not use this transmittal for the filing of a provisional appiication. 

NOTE: if one of the following 3 items apply, then complete and attach ADDED PAGES FOR NEW APPLICATION 
TRANSMITTAL WHERE BENEFIT OF A PRIOR U.S. APPLICATION CLAIMED and a NOTIFICATION 
IN PARENT APPLICATION OF THE FILING OF THIS CONTINUATION APPLICATION. 

□ Divisional. 

□ Continuation. 

□ Continuation-in-part (C-i-P). 

2. Benefit of Prior U.S. Application® (35 U.S.C, §§ 119(e), 120, or 121) 

NOTE: A nonprovisionai appiication may claim an invention disclosed in one or more prior filed copending 
nonprovisionai applications or copending international applications designating the United States of 
America. In order for a nonprovisionai appiication to claim the benefit of a phor filed copending 
nonprovisionai application or copending international application designating the United States of 
America, each prior application must name as an inventor at least one inventor named in the later filed 
nonprovisionai application and disclose the named inventor's invention claimed in at least one claim 
of the later filed nonprovisionai application in the manner provided by the first paragraph of 35 U.S.C. 
§ 112. Each prior application must also be: 

(i) An international application entitled to a filing date in accordance with PCT Article 1 1 and 
designating the United States of Amenca; or 

(d) Complete as set forth in § 1.51(b); or 

(iii) Entitled to a filing date as set forth in § 1.53(b) or § 1.53(d) and include the basic filing fee set 
forth in § 1.16; or 

(iv) Entitled to a filing date as set forth in § 1.53(b) and have paid therein the processing and retention 
fee set forth in § 1.21(1) within the time period set forth in § 1.53(f). 

37C.F.R. § 1.78(a)(1). 

NOTE: If the new application being transmitted is a divisional, continuation or a continuation-in-part of a parent 
case, or where the parent case is an International Application which designated the U.S., or benefit 
of a prior provisional application is claimed, then check the following item and complete and attach 
ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICA- 
TION® CLAIMED. 

WARNING: If an application claims the benefit of the filing date of an earlier filed application under 35 U.S.C. 

§§ 120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of 
the earliest U.S. appiication that the application makes reference to under 35 U.S.C. §§ 120, 121 
or 365(c). (35 U.S.C. § 154(a)(2) does not take into account, for the determination of the patent 
term, any application on which priority is claimed under 35 U.S.C. §§ 119, 365(a) or 365(b).) For 
a c-/-p application, applicant should review whether any claim in the patent that will issue is 
supported by an earlier application and, if not, the applicant should consider canceling the reference 
to the earlier filed application. The term of a patent is not based on a claim-by-claim approach. 
See Notice of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 
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WARNING: When the last day of pendency of a provisional application fails on a Saturday, Sunday, or Federal 
holiday within the District of Columbia, any nonprovisional application claiming benefit of the 
provisional application must be filed prior to the Saturday, Sunday, or Federal holiday within the 
District of Columbia. See 37 C.F.R. § 1.78(a)(3). 

□ The new application being transmitted claims the benefit of prior U.S. applica- 
tion^). Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPLiCATION(S) CLAIMED. 

3. Papers Enclosed 

A. Required for filing date under 37 C.F.R. § 1.53(b) (Regular) or 37 C.F.R. § 1.153 
(Design) Application 

83 

Pages of specification 

:L Pages of claims 

2 

Sheets of drawing 

WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied when 
filing a patent application. The drawings that are submitted to the Office must be on strong, white, 
smooth, and non-shiny paper and meet the standards according to § 1.84. If corrections to the 
drawings are necessary, they should be made to the original drawing and a high-quality copy of 
the corrected original drawing then submitted to the Office. Only one copy is required or desired. 
For comments on proposed then-new 37 C.F.R. § 1.84, see Notice of March 9, 1988 (1990 O.G. 
57-62). 

NOTE: "Identifying indicia, if provided, should include the application number or the title of the invention, 
inventor's name, docket number (if any), and the name and telephone number of a person to call If 
the Office is unable to match the drawings to the proper application. This information should be placed 
on the back of each sheet of drawing a minimum distance of 1.5 cm. (5/8 inch) down from the top 
of the page . , 37 C.F.R. § 1.84(c)). 

(complete the following, if applicable) 

□ The enclosed drawing(s) are photograph(s), and there is also attached a 
"PETITION TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S)." 37 C.F.R. 
§ 1.84(b). 

□ formal 
® informal 

B. Other Papers Enclosed 

2 

Pages of declaration and power of attorney 

2 Pages of abstract 

o 

Other 

4. Additional papers enclosed 

□ Amendment to claims 

□ Cancel in this applications claims before 

calculating the filing fee. (At least one original independent claim must be 
retained for filing purposes.) 

□ Add the claims shown on the attached amendment. (Claims added have 
been numbered consecutively following the highest numbered original 
claims.) 

□ Preliminary Amendment 

□ Information Disclosure Statement (37 C.F.R. § 1 .98) 

□ Form PTO-1449 (PTO/SB/08A and 08B) 

□ Citations 
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□ Declaration of Biological Deposit 

□ Submission of "Sequence Listing," computer readable copy and/or amendment 
pertaining thereto for biotechnology invention containing nucleotide and/or 
amino acid sequence. 

□ Authorization of Attomey(s) to Accept and Follow Instructions from Representa- 
tive 

□ Special Comments 

□ Other 

5. Declaration or oath {including power of attorney) 

NOTE: A newly executed declaration is not required in a continuation or divisional application provided that 
the prior nonprovisionai application contained a declaration as required, the application being filed is 
by ail or fewer than ail the inventors named in the prior application, there is no new matter in the 
application being filed, and a copy of the executed declaration filed in the prior application (showing 
the signature or an indication thereon that it was signed) is submitted. The copy must be accompanied 
by a statement requesting deletion of the names of person(s) who are not inventors of the application 
being fifed. If the declaration in the prior application was filed under § 1.47, then a copy of that 
declaration must be filed accompanied by a copy of the decision granting § 1.47 status or, if a nonsigning 
person under § 1.47 has subsequently joined in a prior application, then a copy of the subsequently 
executed declaration must be filed. See 37 C.F.R. §§ 1.63(d)(1)~(3)- 

NOTE: A declaration filed to complete an application must be executed f identify the specification to which it 
is directed, identify each inventor by full name including family name and at least one given name, without 
abbreviation together with any other given name or initial, and the residence, post office address and 
country or citizenship of each inventor, and state whether the inventor is a sole or joint inventor. 37 
C.F.R. § 1.63(a)(1H4). 

NOTE: The inventorship of a nonprovisionai application is that inventorship set forth in the oath or declaration 
as prescribed by § 1.62, except as provided for in § 1.53(d)(4) and § 1.63(d). If an oath or declaration 
as prescribed by§ 1.63 is not filed during the pendency of a nonprovisionai application, the inventorship 
is that inventorship set forth in the application papers filed pursuant to § 1.53(b), unless a petition under 
this paragraph accompanied by the fee set forth in § 1.17(f) is filed supplying or changing the name 
or names of the inventor or inventors. " 37 C.F.R. § 1.41(a)(1). 

© Enclosed 

Executed by 

(check ail applicable boxes) 

E inventor(s). 

□ legal representative of inventor(s). 
37 C.F.R. §§ 1.42 or 1.43. 

□ joint inventor or person showing a proprietary 
interest on behalf of inventor who refused to sign 
or cannot be reached. 

□ This is the petition required by 37 C.F.R. § 1 .47 and the statement 
required by 37 C.F.R. § 1.47 is also attached. See item 13 below 
for fee. 

□ Not Enclosed, 

NOTE: Where the filing is a completion in the U.S. of an International Application or where the completion of 
the US. application contains subject matter in addition to the international Application, the application 
may be treated as a continuation or continuation-in-part, as the case may be, utilizing ADDED PAGE 
FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION CLAIMED. 

□ Application is made by a person authorized under 37 C.F.R. § 1.41(c) on 
behalf of all the above named inventor(s). 
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(The declaration or oath, along with the surcharge required by 37 C.F.R § 1.16(e) 

can be filed subsequently). 

□ Showing that the filing is authorized. 

(not required unless called into question. 37 C.F.R. § 1.41(d)) 

6. Inventorship Statement 

WARNING: If the named inventors are each not the inventors of all the claims an explanation, including the 
ownership of the various claims at the time the last claimed invention was made r should be 
submitted. 

The inventorship for ail the claims in this application are: 
3 The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at 
the time the last claimed invention was made, 

□ is submitted. 

□ will be submitted. 

7. Language 

NOTE: An application including a signed oath or declaration may be filed in a language other than English. 
An English translation of the non-English language application and the processing fee of $130.00 
required by 37 C.F.R § 1.1 7(k) is required to be filed with the application, or within such time as may 
be set by the Office. 37 C.F.R § 1.52(d). 

m English 

□ Non-Engiish 

□ The attached translation includes a statement that the translation is accu- 
rate. 37 C.F.R. § 1.52(d). 

8. Assignment 

0 An assignment of the invention to FORE Systems, Inc. 



m is attached. A separate H "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or □ FORM PTO 
1595 is also attached. 

□ wil! follow. 

NOTE: "If an assignment is submitted with a new application, send two separate letters-one for the application 
and one for the assignment" Notice of May 4, 1990 (1114 O.G. 77-78). 

WARNING: A newly executed "CERTIFICATE UNDER 37 C.F.R. § 3. 73py must be filed when a continuation- 
in-part application is filed by an assignee. Notice of April 30, 1993, 1 150 O.G. 62-64. 
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9. Certified Copy 

Certified copy(ies) of application(s) 



Country 


Appin. No. 


Red 


Country 


Appln. No. 


Hied 


Country 


Appin. No. 


Filed 



from which priority is claimed 
□ is (are) attached. 



□ will foiiow. 

NOTE: The foreign application forming the basis for the claim for priority must be referred to in the oath or 
declaration. 37 C.F.R. § 1.55(a) and 1.63. 

NOTE: This item is for any foreign priority for which the application being filed directiy relates, if any parent 
U.S. application or International Application from which this application claims benefit under 35 U.S.C. 
§ 120 is itself entitled to priority from a prior foreign application, then complete item 18 on the ADDED 
PAGES FOR NEW APPUCATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION® 
CLAIMED, 

10. Fee Calculation (37 C.F.R. § 1.16) 
A, H Regular application 



CLAIMS AS FILED 


Number filed 




Number Extra 


Rate 


Basic Fee 
37 C.F.R. § 1.16(a) 

$§rasK 710 


Total 

Claims (37 C.F.R. 
§ 1.16(c)) 


19 - 


20 = 0 x 


$ 18.00 


0.00 


Independent 
Claims (37 C.F.R. 
§ 1.16(b)) 


2 - 


3=0 X 


$ 78.00 


0.00 


Multiple dependent claim(s), 
if any (37 C.F.R. § 1.16(d)) 


+ 


$260.00 





□ Amendment cancelling extra claims is enclosed. 

□ Amendment deleting multiple-dependencies is enclosed. 

□ Fee for extra claims is not being paid at this time. 

NOTE: if the fees for extra claims are not paid on filing they must be paid or the claims cancelled by amendment, 
prior to the expiration of the time period set for response by the Patent and Trademark Office in any 
notice of fee deficiency. 37 C.F.R. § 1.16(d). 

Fiiing Fee Calculation $ 710.00 

B, □ Design application 

($310.00—37 C.F.R. § 1.16(f)) 

Filing Fee Calculation $ 
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C. □ Plant application 

($480.00—37 C.F.FL § 1.16(g)) 

Filing fee calculation $ 

11. Small Entity Statements) 

□ Statement(s) that this is a filing by a small entity under 37 C.F.FL § 1 .9 and 1 .27 
is (are) attached. 

WARNING: "Status as a small entity must be specifically established in each application or patent in which 
the status is available and desired. Status as a small entity in one application or patent does not 
affect any other application or patent, including applications or patents which are directly or 
indirectly dependent upon the application or patent in which the status has been established. The 
refiling of an application under § 1.53 as a continuation, division, or continuation-in-part (including 
a continued prosecution application under § 1.53(d)), or the filing of a reissue application requires 
a new determination as to continued entitlement to small entity status for the continuing or reissue 
application. A nonprovisional application claiming benefit under 35 U.S.C. § 119(e), 120, 121, or 
365(c) of a prior application, or a reissue application may rely on a statement filed in the prior 
application or in the patent if the nonprovisional application or the reissue application includes a 
reference to the statement in the prior application or in the patent or includes a copy of the 
statement in the prior application or in the patent and status as a small entity is still proper and 
desired. The payment of the small entity basic statutory filing fee will be treated as such a reference 
for purposes of this section." 37 C.F.R 5 1.28(a)(2). 

WARNING: "Small entity status must not be established when the person or persons signing the . . .statement 
can unequivocally make the required self-certification." M.P.EP., § 509.03, 6th ed., rev. 2, July 
1996 (emphasis added). 

(complete the following, if applicable) 

□ Status as a small entity was claimed in prior application 



filed on 



, from which benefit 



is being claimed for this application under 

35 U.S.C. § □ 119(e), 

□ 120, 

□ 121, 

□ 365(c), 

and which status as a small entity is still proper and desired. 
□ A copy of the statement in the prior application is included. 
Filing Fee Calculation (50% of A, B or C above) 

$ 

NOTE: Any excess of the full fee paid will be refunded if small entity status is established and a refund request 
are filed within 2 months of the date of timely payment of a full fee. The two-month period is not 
extendable under § 1.136. 37 C.F.R. § 1.28(a). 

12- Request for International-Type Search (37 C.F.R. § 1.104(d)) 

(complete, if applicable) 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place. 
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13. Fee Payment Being Made at This Time 

□ Not Enclosed 

□ No filing fee is to be paid at this time. 

(This and the surcharge required by 37 C.F.R § 1,1 6(e) can be paid 
subsequently.) 

S Enclosed 

S Filing fee 

C2 Recording assignment 

($40.00; 37 C.F.R. § 1.21(h)) 
(See attached "COVER SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 
APPLICATION".) 

□ Petition fee for filing by other than all the 
inventors or person on behalf of the inventor 
where inventor refused to sign or cannot be 
reached 

($130.00; 37 C.F.R. §§ 1.47 and 1.17(0) 

□ For processing an application with a 
specification in 
a non-English language 
($130.00; 37 C.F.R. §§ 1.52(d) and 1.1 7(k)) 

□ Processing and retention fee 
($130.00; 37 C.F.R. §§ 1.53(d) and 1.21(1)) 

□ Fee for international-type search report 
($40.00; 37 C.F.R. § 1.21(e)) 

NOTE: 37 CF.A § 1-21(1) establishes a fee for processing and retaining any application that is abandoned for 
failing to complete the application pursuant to 37 C.F.R. § 1.53(f) and this, as well as the changes to 
37 C.F.R. §§ 1.53 and 1.78(a)(1), indicate that in order to obtain the benefit of a prior U.S. application, 
either the basic filing fee must be paid, or the processing and retention fee of § 1.21(1) must be paid, 
within 1 year from notification under § 53(f). 

Total fees enclosed $ 75Q ' 00 — 

14. Method of Payment of Fees 

B Check in the amount of $ 710.00 & 40.00 

□ Charge Account No. in the amount of 

$ 

A duplicate of this transmittal is attached. 

NOTE: Fees should be itemized in such a manner that it is dear for which purpose the fees are paid. 37 C.F.R. 
§ 1.22(b). 



$ 710.00 
^ 40.00 

$ 

$ 

$ 

$ 
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15. Authorization to Charge Additional Fees 

WARNING: if no fees are to be paid on fifing, the following items should not be completed. 
WARNING: Accurately count claims, especially multiple dependent claims, to avoid unexpected high charges, 
if extra claim charges are authorized. 

H The Commissioner is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this application to Account No. 

19-0737 : 

m 37 C.F.R. § 1.16(a), (f) or (g) (filing fees) 

I3 37 C.F.R. § 1.16(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent claims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 C.F.R § 1.16(d)), it might be best not 
to authorize the PTO to charge additional claim fees, except possibiy when dealing with amendments 
after final action. 

□ 37 C.F.R. § 1 .1 6(e) (surcharge for filing the basic filing fee and/or declaration 
on a date later than the filing date of the application) 

□ 37 C.F.R. § 1.l7(a)(1H5) (extension fees pursuant to § 1.136(a)). 

□ 37 C.F.R. § 1.17 (application processing fees) 

NOTE: *. . A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under §1.17, or all required extension of time fees will be treated as a 
constructive petition for an extension of time in any concurrent or future reply requiring a petition for 
an extension of time under this paragraph for its timely submission. Submission of the fee set forth in 
§ 1. 1 7(a) will also be treated as a constructive petition for an extension of time in any concurrent reply 
requiring a petition for an extension of time under this paragraph for its timely submission." 37 C.F.R. 
§ 1.136(a)(3). 

□ 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 C.F.R § 1.311(b). 

NOTE: 37 C.F.R. § 1.28(b) requires "Notification of any change in status resulting in loss of entitlement to small 
entity status must be filed in the application . . . prior to paying, or at the time of paying, . . .the issue 
fee. . . " From the wording of 37 C.F.R. § 1.28(b), (a) notification of change of status must be made 
even if the fee is paid as "other than a small entity" and (b) no notification is required if the change 
is to another small entity. 
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16. instructions as to Overpayment 

NOTE: . . Amounts of twenty-five dollars or less wilt not be returned unless specifically requested within 
a reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may 
be returned by check or, if requested, by credit to a deposit account" 37 C.F.R § 1.26(a). 

m Credit Account No. 19-0737 

□ Refund 




Reg. No. 30,587 



Tel. No. (412) 621-9222 



Customer No. 



SIGNATURE OF PRACTITIONER 

Ansel M. Schwartz 



{type or print name of attorney) 
One Sterling Plaza 
201 N. Craig Street, Suite 304 



P.O. Address 



Pittsburgh, PA 15213 
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Incorporation by reference of added pages 

(check the following item if the application in this transmittal claims the benefit of 
prior L/.S. applications) (including an international application entering the US. 
stage as a continuation, divisional or C-/-P application) and complete and attach 
the ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR US. APPLICATIONS) CLAIMED) 

□ Plus Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Application(s) Claimed 

Number of pages added 

□ Plus Added Pages for Papers Referred to in Item 4 Above 

Number of pages added 



□ Plus added pages deleting names of inventor(s) named in prior application(s) 
who is/are no longer inventor(s) of the subject matter claimed in this application. 

Number of pages added . — . 

E Plus "Assignment Cover Letter Accompanying New Application"^ 

Number of pages added 



Statement Where No Further Pages Added 

(if no further pages form a part of this Transmittal, then end this Transmittal with 
this page and check the following item) 
□ This transmittal ends with this page. 
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DUAL OPTIMALITY FOR DIFFERENT DATA RATE BACKPLANE TRANSFERS 



RELATED APPLICATIONS 

U.S. patent applications 09/609,307 titled "Backplane 
Synchronization in a Distributed System with Clock Drift and 
Transport Delay"; 09/609,497 titled "Queue Resynch: Synchronous 
Real-Time Upgrade of a Distributed Switching System"; 09/627,924 
titled "Synchronous Dynamic Register Updating Across a Distributed 
System"; 0 9/2 93,563 titled "Very Wide Memory TDM Switching System"; 
09/333,450 titled "Data Striping Based Switching System"; and 
contemporaneously filed U.S. patent application serial number 
09/ titled "Parity Exchange" having attorney docket number 

FORE- 81, all of which are incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention is related to the transfer of data 
of connections at various rates across a same backplane of a 
switch. More specifically, the present invention is related to the 
transfer of data of connections at various rates across the same 
backplane of the switch by dividing the higher data rate 
connections into data pipes having the same rate as the data pipes 
formed from the lower rate connections. 

BACKGROUND OF THE INVENTION 

In a switch which stripes data to a variable number of 
fabrics, a different physical bus topology is used if the speed of 
the input port changes. The mapping of the bits onto the backplane 
busses needs to maintain the following properties: 

a. Optimal bandwidth utilization of the busses for all 
operating speeds (OC48 and OC192) . 



-2- 



b. Support OC48/OC192 interoperability. 

c. Utilize the same physical backplane busses for all 
speeds of operation. 

The present invention allows a design to be optimized for 
5 both OC48 and OC192 while maintaining compatibility between the two 
port speeds on the backplane. This allows one backplane design to 
support exchanging traffic between OC4 8 and OC192 ports. 

^ SUMMARY OF THE INVENTION 

J;; : ; The present invention pertains to a switch of a network 

ll for switching data. The switch comprises a fabric for switching 
^: the data. The switch comprises a connection mechanism connected to 
rfi the fabric for providing data to and from the fabric. The switch 
3 comprises a first port card which receives data at a first rate 
ll from the network or sends data at the first rate to the network. 
i=5 The first port card is connected to the connection mechanism to 
]Z send data to or receive the data from the fabric at a connection 
□ rate. The switch comprises a second port card which receives data 
at a second rate from the network or sends data at the second rate 
to the network. The second port card is connected to the 
2 0 connection mechanism to send data to or receive data from the 
fabric at the connection rate. The second port card separates the 
data received at the second rate into streams of data that together 
equal the data received at the second port card that are sent 
concurrently at the connection rate to the fabric and combine the 
2 5 data streams received at the connection rate into data that is sent 
at the second rate to the network. 

The present invention pertains to a method for switching 
data in a network. The method comprises the steps of receiving 
data at a first rate from the network at a first port card of a 
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switch. Then there is the step of receiving data at a second rate 
from the network at a second port card of the switch. Next there is 
the step of sending data from the first port card to a fabric of 
the switch to a connection mechanism of the switch at a connection 
5 rate. Then there is the step of separating the data received at 
the second rate at the second port card into streams of data that 
together equal the data received at the second port card. Next 
there is the step of sending concurrently at the connection rate to 
the fabric from the second port card the stream of data along the 
ID connection mechanism. 

Cfl BRIEF DESCRIPTION OF THE DRAWINGS 

; Hl In the accompanying drawings, the preferred embodiment of 

il: the invention and preferred methods of practicing the invention are 
s illustrated in which: 

p5 Figure 1 is a schematic representation of the switch of 

the present invention. 

Figure 2 is a schematic representation of the striper of 
the present invention. 

Figure 3 is a schematic representation of the unstriper 
2 0 of the present invention. 

DETAILED DESCRIPTION 

Referring now to the drawings wherein like reference 
numerals refer to similar or identical parts throughout the several 
views, and more specifically to figure 1 thereof, there is shown a 
25 switch 10 of a network 12 for switching data. The switch 10 
comprises a fabric 14 for switching the data. The switch 10 
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comprises a connection mechanism 16 connected to the fabric 14 for 
providing data to and from the fabric 14. The switch 10 comprises 
a first port card 18 which receives data at a first rate from the 
network 12 or sends data at the first rate to the network 12. The 
5 first port card 18 is connected to the connection mechanism 16 to 
send data to or receive the data from the fabric 14 at a connection 
rate. The switch 10 comprises a second port card 2 0 which receives 
data at a second rate from the network 12 or sends data at the 
second rate to the network 12. The second port card 20 is 
J§ connected to the connection mechanism 16 to send data to or receive 
w data from the fabric 14 at the connection rate. The second port 
card 2 0 separates the data received at the second rate into streams 
m of data that together equal the data received at the second port 
It card 2 0 that are sent concurrently at the connection rate to the 
lis fabric 14 and combine the data streams received at the connection 
J 1 rate into data that is sent at the second rate to the network 12 . 

U Preferably, the connection rate equals the first rate and 

the second rate is equal to N times the first rate, where N is an 
Q integer greater than or equal to 2, and there are N streams. The 
2 0 connection mechanism 16 preferably includes a backplane bus 22 that 
connects the first port card 18 and the second port card 2 0 to the 
fabric 14. 

Preferably, the second port card 2 0 maps the data 
received at the second rate onto the bus 22 in interleaved fashion. 

2 5 The second port card 2 0 preferably maps the data received at the 

second rate onto the bus 22 in 4 bit interleaved fashion, and N 
equals 4. Preferably, the first port card 18 has a first striper 
24 which takes the data it receives and sends it on the backplane 
as an 0C48 data pipe to the fabric 14, and the second port card 2 0 

3 0 has a second striper 2 6 which takes the data it receives and sends 

it as 4 OC48 data pipes to the fabric 14. The first port card 18 
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preferably has a first unstriper 2 8 which receives data from the 
fabric 14 on an OC4 8 data pipe and the second port card 2 0 has a 
second unstriper 3 0 which receives data from the fabric 14 on 4 
0C48 data pipes and concatenates the 4 OC48 data pipes to form 1 
5 wide data bus 22 to send the data as OC192 data to the network 12. 

Preferably, the first and second striper 26 stripe data 
they receive on a 48 bit basis to the fabric 14. The first and 
second stripers 24 , 26 preferably stripe data so the data does not 
exceed a 12 bit boundary. Preferably, the fabric 14 has an 
If aggregator 32 which receives data from the first and second 
^ stripers 24, 26, and a separator 34 which sends data from the 
m fabric 14 to the first unstriper 28 and the second unstriper 30. 

J;",: The present invention pertains to a method for switching 

5 data in a network 12 . The method comprises the steps of receiving 
|| data at a first rate from the network 12 at a first port card 18 of 
11 a switch 10. Then there is the step of receiving data at a second 
rate from the network 12 at a second port card 20 of the switch 10. 
It Next there is the step of sending data from the first port card 18 
to a fabric 14 of the switch 10 to a connection mechanism 16 of the 
2 0 switch 10 at a connection rate. Then there is the step of 
separating the data received at the second rate at the second port 
card 2 0 into streams of data that together equal the data received 
at the second port card 20. Next there is the step of sending 
concurrently at the connection rate to the fabric 14 from the 

2 5 second port card 2 0 the stream of data along the connection 

mechanism 16. 

Preferably, the connection rate equals the first rate and 
the second rate is equal to N times the first rate, where N is an 
integer greater than or equal to 2, and there are N streams. The 

3 0 connection mechanism 16 preferably includes a backplane bus 22 that 
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connects the first port card 18 and the second port card 2 0 to the 
fabric 14. Preferably, the sending concurrently step includes the 
step of mapping with the second port card 2 0 the data received at 
the second rate onto the bus 22 in interleaved fashion. 

5 The mapping step preferably includes the step of mapping 

with the second port card 2 0 the data received at the second rate 
onto the bus 22 in 4 bit interleaved fashion, and N equals 4. 
Preferably, the first port card 18 has a first striper 24 and the 
second port card 2 0 has a second striper 26, and wherein the 
II sending data from the first port card 18 step includes the step of 
J^J sending the data on the backplane bus 22 with the first striper 24 
!fl as an OC482 data pipe to the fabric 14 and the mapping step 
H includes the step of sending the data received by the second 
m striper 2 6 as 4 OC4 8 data pipes on the backplane bus 22 to the 
15 fabric 14. 

U The first port card 18 preferably has a first unstriper 

lZ 2 8 and the second port card 2 0 has a second unstriper 30, and 
p including after the sending the data by the second striper 2 6 step, 
there are the steps and of receiving data from the fabric 14 on an 

2 0 OC48 data pipe at the first port card 18, receiving data from the 

fabric 14 on 4 OC48 data pipes at the second port card 20, and 
concatenating the 4 OC48 data pipes to form 1 wide data bus 22 to 
send the data as OC192 data to the network 12 by the second port 
card 2 0 . 

25 Preferably, the first port card 18 sending step includes 

the step of striping data with the first striper 24 on a 48 bit 
basis to the fabric 14, and the second port card 20 sending step 
includes the step of striping data with the second striper 2 6 on a 
48 bit basis to the fabric 14 through the bus 22. The first 

3 0 striper 24 sending step preferably includes the step of striping 
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data to the fabric 14 through the bus 22 so the data does not 
exceed a 12 bit boundary, and the second striper 2 6 sending step 
includes the step of striping data to the fabric 14 through the bus 
22 so the data does not exceed a 12 bit boundary. 

5 In the operation of the invention, the striping function 

for the Switch chipset is implemented as a series of OC48 data 
pipes. The combination of 4 data pipes in parallel is used to 
support OC192 operation using the same interconnection between the 
P ort card and the fabrics. 

|| This is accomplished by the following: 

S| a. For OC192 operation, the data is mapped on 

Jl-J backplane busses in a bit-interleaved fashion. 

7 b. For OC192 operation, the receiver of the data 

^ concatenates 4 data busses together to form one 

l| wide data bus 22. The exact order of the receive 

operation depends on the destination number. 
H c. The transmitter maps the same data bits for both 

OC4 8 and OC192 to the same physical backplane 
busses, except that the data is interleaved on the 
20 busses to allow for (b) above. This mapping is 

designed to be optimal for both port speeds 
simultaneously (no extra bus bandwidth is wasted) . 

The exact striping function was developed to support 2 
different simultaneous optimizations: 
25 1. No data can cross a 12 bit boundary. This ensured 

that 0C48 traffic was optimized. Within each 12 
bit block, the same number of bits must be sent to 
all fabrics. 
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2. All data on a mod 4 basis in a 48 bit frame must 
have an even number of bits distributed to each 
fabric . 

Since 12 is a factor of 48, the striping function is 
5 defined on a 48 bit basis. Implementation of striping is 
accomplished by viewing incoming data in 4 8 bit blocks and then 
applying the striping function. Within the 48 bit block, 4 
separate functions are defined for each of the 12 bit blocks. 

3 An example distribution is shown in the table below for 

if) 3 fabric striping. 

The following table gives the fabric assignments for each 
P block of 48 bits for 3 fabrics. 





Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 




BP bus 


F0a(0) 


Fla(0) 


F2a(0) 


F0a(l) 


Fla(l) 


F2a(l) 


F0a(2) 


Fla(2) 


F2a(2) 


F0a(3) 


Fla(3) 


F2a(3) 




Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


F2b(0) 


F0b(0) 


Flb(0) 


F2b(l) 


F0b(l) 


Flb(l) 


F2b(2) 


F0b(2) 


Flb(2) 


F2b(3) 


F0b(3) 


Flb(3) 




Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 




BP bus 


Flc(0) 


F2c(0) 


F0c(0) 


Flc(l) 


F2c(l) 


F0c(l) 


Flc(2) 


F2c(2) 


F0c(2) 


Flc(3) 


F2c(3) 


F0c(3) 




Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 


20 


BP bus 


F0d(0) 


Fld(0) 


F2d(0) 


F0d(l) 


Fld(l) 


F2d(l) 


F0d(2) 


Fld(2) 


F2d(2) 


F0d(3) 


Fld(3) 


F2d(3) 



Note that it is impossible to have the same fabric number 
in a column of the table and maintain optimization number 1 if the 
number of fabrics is greater than 3. The general striping function 
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is based on the table and starts at fabric zero for bit zero. 
Moving down a column is a regular pattern of decrements to the 
fabric number (mod number of fabrics) including from the ending 
fabric to the starting fabric. This pattern is given in the table 
5 below: 





Number of fabrics 


Sequence of column zero 




1 


1,1,1,1 




2 


1,2,1,2 




3 


1,3,2,1 




4 


1,4,3,2 




6 


1,6,4,3 




12 


1,10,7,4 



* y Each row in the table transmits onto a fixed set of 

U backplane busses for OC192 operation, designated A,B,C,D. The data 

|% for a given fabric (say fabric 2 of the example above) has a 

11 differing ordering of relative bit order between the A,B,C and D 

Q channels than fabric 1. However, this ordering is constant for a 

rss? given striping function, so the receiver chooses bits from the four 
channels based on the fabric number it is. For the 3 fabric 

2 0 striping this is shown in the table below. 



The next table gives the interface read order for the aggregator 32. 



Fabric 


1 st 


2 nd 


3 rd 


4* 


0 


A 


D 


B 


C 


1 


C 


A 


D 


B 


2 


B 


C 


A 


D 



The structure of the striper is shown in figure 2. 



-10- 



The Input Pipeline is the interface to the Switch Input 
Bus (BIB) . In OC192c mode the connection number is resolved so that 
each Striper has a copy of the connection number when it is not 
provided by the external connection number bus 22. 

5 The Data FIFO is written at the BIB clock rate and read 

at the Striped Input Bus (SIB) clock rate. This FIFO is 1536x32- 
bits. The purpose of this FIFO is to hold the BIB data until it can 
be transmitted. 

% The Connection Number FIFO is written at the BIB clock 

fi rate and read at the SIB clock rate. This FIFO is 128x26-bits. This 
*i FIFO contains the 2 6 bit connection number that was either provided 
%I through the BIB data bus or the External Connection Number bus. 

7 The EOP FIFO is a special FIFO of 128xll-bits. The 

H : purpose of this block is to store information about each received 
|t cell and packet that is then used to format the data for 
H transmission. The EOP FIFO is also where large packets are split 
yf into fragments to allow the buffer to be emptied without having to 
wait for the entire packet to be received. 

The Transfer FSM is responsible for moving the data from 
2 0 the Data FIFO to the Output Pipeline. The Transfer FSM is the point 
where Internal Cell Buffer (ICB) transmission occurs. The Transfer 
FSM does the conversion of 4 -byte data to two (2) 12 -bit busses. 
Two busses are used to increase the bandwidth of the backplane from 
125 MHz to 250 MHz. The Transfer FSM also converts packets that are 
25 shorter than the minimum transfer size into a Short Packet. 

The Checksum Generation block calculates the CRC-16 
checksum for the entire cell or packet. 
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The Checksum Insertion block inserts the checksum as the 
last two bytes of a cell or packet. If the packet was fragmented 
the checksum is only inserted at the end of the last fragment. 

The Parity Calculation block generates the per cycle 
5 parity. The parity calculation is based on the number of fabrics 
that are being used. In OC192c mode parity calculations may require 
the exchange of either data or parity bits in order to be 
successfully generated. This block will ensure the parity exchanged 
is relevant to the appropriate cycle of data. 

IS The Fabric Mapping (Striping) block maps the data onto 

zi each fabric in the switch 10. Fabric mapping changes can only occur 
; Hj on cell/packet boundaries. 

The Transmitter Mapping block puts the striped data onto 
I s * transmitters according to the number of fabrics configured. 

%M The Register Control block manages the registers and 

li their side-effects within the Striper ASIC. 

The Address/Data Bus block implements the external 
interface to the AD bus 22. This block is common to all ASICs in 
the Switch 10 and is provided. 

20 The Global Synchronization block calculates the number of 

clock cycles of lockdown necessary for the chip to compensate for 
clock drift. This block is common to all ASICs in the switch 10 and 
is provided. 



The following table gives the I/O definition for the 
25 chip. The DIR column indicates a port is either an input (I), 
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output (0) , bidirect (B - multi- source) 
depends on striper Id in OC192c mode) . 



or input /output (I/O 



Name 


Dir 


Pins 


Function 


BIB_CLK 


I 


1 


Input clock 


BIBJData 


I 


32 


Output data to DIN bus 


B1B_E0P 


I 


5 


Tag bits for input words. 


BIB_CELL_PKT 


I 


1 


Indicates cell or packet transfer. 


BIB_S0C 


I 


2 


EOPfor DIN bus. 


BIB_C0NN 


I/O 


26 


Either input connection number for BIB or internal connection 
number exchange 


BIB_CONN_EN 


I 


1 


Enable use of external connection number bus 


BIB_BP 


0 


1 


BIB backpreassure signal from striper 


BIB_valid 


I 


1 


Input indicating BIB data is valid. 


BP_XMIT0 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT1 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMlT2 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT3 


o 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT4 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT5 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT6 


0 


10 


Output data to Gigabit serializer Channel 0 


BP XMIT7 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT8 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XM!T9 


0 


10 


Output data to Gigabit serializer Channel 0 


BP XMIT10 


0 


10 


Output data to Gigabit serializer Channel 0 


BP XMIT11 


0 


10 


Output data to Gigabit serializer Channel 0 


BPJCMIT12 


0 


10 


Output data to Gigabit serializer Channel 0 


BP_XMIT13 


0 


10 


Output data to Gigabit serializer Channel 0 


Board__active_l 


I 


1 


Signal to enable/terminate backplane transfers 


AD_DATA 


B 


8 


Separate AD bus data bus 


AD_RDY_L 


0 


1 


Indicates transaction complete 


AD_SEL_L 


i 


1 


AD bus chip select 


AD_CLK 


I 


1 


AD bus clock 


AD_RW 


I 


1 


AD bus read/write select. 


CL0CK125 


I 


1 


Clock used by internal operations (125 MHz) 


RESET_L 


I 


1 


Resets the chip-asynch signal 


PLL 




5 


I/O for interna! PLL 


Chipjmode 


I 


3 


Mode (oc48/oc192) and chipid for OC192 


JTDO 


0 


1 


JTAG test data out 


JTDI 


I 


1 


JTAD test data in 


JTMS 


I 


1 


JTAG test mode select 


JTCLK 


[ 


1 


JTAG test clock 


JTRST 


I 


1 


JTAG test reset 


Global_sync 


I 


1 




MASTERJockdown_valid 


I/O 


1 


Indicates OC192c master controlled lockdown 


MASTER_synch_valid 


I/O 


1 


Indicates OC192c master controlled sync cycle 


OC192 parity exchange in 


I 


14 


Parity data received from other Stripers 
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Name 


Dir 


Pins 


OC192 parity exchange out 


0 


14 


OC192 SOP/#fab/end 


I/O 


5 


SYNC_CONTROL 


I/O 


2 


ICB_CONTROL 


I/O 


2 


INT_L 


0 


1 


UNS_BP 


I 


1 


SCAN_EN_L 


I 


0 


Total 




280 



Function 

Parity data sent to other Stripers 

controls sequencing of OC192 ops 

Controls lockdown to the slave Stripers 

Controls the ICB trap/transmit of the slave Stripers 

Interrupt 

Unstriper backpressure 

scan enable pin 



Chip mode is a 3 -bit bus. It has the following signals. 



Chip mode 
bit 


Label 


Function 


2 


Mode 


Tie to a one for OC192, zero for an OC48. 


1:0 


Chip_id 


For OC192, connect to the starting bit number. Note that chipjd 
= "00" is the master controller for OC192. For OC48, these pins 
should be tied high. 



* y The board active signal is an active low LVTTL input 

m signal which should be low during all board operations. If a board 

R active signal is withdrawn, the striper should terminate the 

U current backplane transfer legally by indicating an end of 

p transfer, non- final segment and should stop transmitting data onto 

^ the backplane. The board active signal will be debounced before it 

20 gets to the striper. 



When the BIB__CONN_EN signal is asserted the BIB__CONN bus 
is used to provide the Striper with a Connection Number (the 
Double -Routeword Configuration) . This means that the BIB__CONN is 
configured to be input only. If this BIB_CONN_EN signal is not 
25 asserted then the Stiper is in the Single -Routeword configuration 
and the BIB_CONN bus is useable for connection number exchange in 
OC192c mode. 



The striper runs with 3 main clock regions : 
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1. 12 5 MHz board clock 

2. Up to 100 MHz Switch Input Bus (BIB) clock 

3. 33 MHz AD Bus clock 

The 125 MHz clock is used for most internal operations. 

5 The AD bus clocks and BIB clocks are both assumed to be 

asynchronous with respect to all other clocks. 

i The following spreadsheet shows the internal RAM 

g utilization for the part. 



Function 


Words 


Width 


# of bits 


WR f req 


RD freq 


type 


Data FIFO 


1536 


32 


49152 


100 


125 


2 port 


EOC/P/frag FIFO 


128 


10 


1280 


100 


125 


2 port 




128 


, : 26 


332&^ 




^^|£§^« 





O) The 1536x32 Data FIFO stores the raw data received on the 

data portion of the BIB. No alignment is done on the writing of 
data into the FIFO. The 1536-word depth is sized to allow for 119 
fragments. This FIFO depth also constrains the maximum number of 
packets less than 52 bytes that can be received before backpressure 

15 is asserted. Note the FIFO is large enough to allow for 
approximately 64K worth of back-to-back data before the FIFO fills 
when the FIFO has 4K free bytes at the start of a transfer. 

The 256x10 fragment FIFO gives the ending position of 
data in the FIFO and flags that the data is either the end of 
20 packet/cell or a 54 byte fragment. Note that the EOP/fragment 
indication is used to indicate if a valid start exists in the FIFO. 
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The 128x26 Connection Number FIFO is used to store the 
connection for each cell/packet. 

In 0C192c each Striper only receives one fourth of egress 
routeword bits that are required to construct the connection 
5 number. Therefore, it is necessary for the Stripers to exchange 
their portion of the connection number with the other Stripers. 
This operation is supported with the BIB_CONN bus. 

^3 When the BIB_CONN_EN signal is asserted the Striper is in 

m the Double Routeword Configuration and the BIB_CONN is strictly 
±| used as an input bus 22. 

J;l: To reduce the overall storage requirements the Striper 

7 utilizes fragmentation to allow it to start emptying the buffer 
It before an entire packet is received. Fragments are constructed such 
11 that there is always enough data to transmit the minimum length 
lis Fabric Routeword (36 bits) . This means that all but the last 
ft fragment of a long packet only require the minimum length 
routeword . 

When a packet is received that is shorter than that which 
is required to transmit the minimum length routeword then it is 
20 referred to as a Short Packet. A Short Packet is the original 
packet padded to the minimum transfer size with the original packet 
length stored as the last pad byte. 

1. The incoming bit stream is separated into 4 
separate bit streams based on the bit number mod 4 
25 = a constant. Each bit stream will have an 

independent checking function implemented. This 
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bit stream includes all data received, including 
the routeword (connection number bits 25:0) . 



A 16 -bit CRC is calculated over the data using the 
following a standard 16-bit CRC function (X 16 + X 12 
+ X 5 + 1) for each of the 4 data streams 
independently. This calculation will assume that 
the polynomial has been preset at the start of the 
calculation. 



#f! 3 . Four bits are selected from each of the 4 CRCs and 

13 concatenated together to form the final checksum. 

Each slice will use ( (bit_number mod 4)*4 + 3 to 
V} (bit_number mod 4)*4. 

IZ For an input stream to pass, all four of its CRC 

11 functions must pass. Data checking is defined in this way to 
|| ensure that OC192c can be supported with minimal overhead. Any CRC 
O over all the data would require the exchange of up to 13 CRC terms 
per OC192c cell/packet time (2 clock cycles) . Since data checking 
is separate for each slice, the information which needs to be 
collected at the end is the pass/fail data from each of the 13 CRC 
20 functions in all 4 chips and then a final pass/fail can be 
constructed. 



Data arrives at the Striper 4 bytes per cycle and leaves 
the Striper 3 bytes per cycle. The 3 -byte output is actually 
composed of two 12 -bit busses referred to as bus A and bus B . In 
25 order to use all available bandwidth, reducing pad bits, a 
fragment /cell can begin on either bus A or bus B. 



The assignment of data bits to fabrics is done in the 
context of a bit stream view of the data. For OC192c the data is 
viewed as being broken into blocks of 48 bits and assignment of 
data bits to fabrics is done within the 48-bit blocks. A start of 
packet always starts a new 48-bit block. Striping is defined as 
the mechanism that assigns bit streams of equal width to each of 
the fabrics. The width of the fabric 14 is inversely proportional 
to the number of fabrics. To ensure each fabric 14 receives the 
same number of bits the bits streams are padded. 

Striping is defined to meet the following criteria: 

1. OC48 data cannot have more than 8 bits of pad 
required on the backplane bus 22. A bit assignment 
which has all groups of 12 bits transmitted on the 
same clock cycle will satisfy this property. 

2. OC192 data cannot have more than 40 bits of pad 
required for the backplane bus 22. Note that this 
is actually a subset of the first criteria since 
this requires that all groups of 4 8 are transmitted 
on the same clock cycle for the backplane bus 22. 

3. The striping definition must not require chip-to- 
chip communication for data in OC192c operation and 
the backplane busses must exist largely unchanged 
for both OC192c and OC48. The assignment of bits 
to the stripers must allow for the same number of 
bits to go to each fabric 14 from each striper in 
OC192c mode. 

4. On all fabrics it must be possible to have exactly 
the same bits going to the memory controllers for 
either an 0C48 or OC192c input port. On the output 
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side, the same bits leave the memory controller and 
must be convertible into the backplane bus 22 
required for either an OC48 or an OC192C output 
port . 

The striping function will be defined by constructing an 
OC192c solution and modifying OC48 behavior to match the OC192c 
solution. 

For each of the striping configurations, a table has been 
constructed which gives the bit assignments for each striping. 
Each table has a row that represents the bits that are connected 
to the stripers in OC192c mode. Each set of 3 columns in the table 
represent the bits sent during one cycle of OC48 operation. The 
following properties will be true for each table: 

1. The tables will view the data in blocks of 48 bits. 
Each 12 -bit sub-block will have the same number of 
bits going to each fabric 14, which will satisfy 
criteria 1 and 2. The 12 -bit sub-block is composed 
of blocks of data from 3 -column groups of all four 
rows. In order to satisfy the 12 bit sub-block 
having the same number of bits to each fabric 14, 
the destination fabric 14 for the first bit from 
different stripers must rotate among the fabrics 
present in the switch 10 . 

2. The bits used for OC48 striping and OC192c striping 
will be the same. This allows the aggregator 32 to 
convert the streams to one universal stream for the 
use on the fabric 14 . 
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The following give assignments for each of the fabric 14 
configurations which satisfy these properties. 

The parity data which is transmitted is documented in the 
context of a 96 bit frame. This is to allow for parity exchange 
between the chips at 125 MHz. 



The following table gives the fabric assignments for each block of 
48 bits and the output bus 22 assignments for OC192c operation. 



Bit 

BP bus 


0 

F0a(0) 


4 

FOa(l) 


8 

F0a(2) 


12 
F0a(3) 


16 
F0a(4) 


20 
F0a(5) 


24 
F0a(6) 


28 
F0a(7) 


32 
F0a(8) 


36 
F0a(9) 


40 
F0a(10) 


44 
FOa(ll) 


Bit 

BP bus 


1 

F0b(0) 


5 

FOb(l) 


9 

F0b(2) 


13 
F0b(3) 


17 
F0b(4) 


21 
F0b(5) 


25 
F0b(6) 


29 
F0b(7) 


33 
F0b(8) 


37 
F0b(9) 


41 
F0b(10) 


45 
FOb(ll) 


Bit 

BP bus 


2 

F0c(0) 


6 

FOc(l) 


10 
F0c(2) 


14 
F0c(3) 


18 
F0c(4) 


22 
F0c(5) 


26 
F0c(6) 


30 
F0c(7) 


34 
F0c(8) 


38 
F0c(9) 


42 
F0c(10) 


46 
FOc(ll) 


Bit 

BP bus 


3 

F0d(0) 


7 

FOd(l) 


11 
F0d(2) 


15 
F0d(3) 


19 
F0d(4) 


23 
F0d(5) 


27 
F0d(6) 


31 
F0d(7) 


35 
F0d(8) 


39 
F0d(9) 


43 
F0d(10) 


47 
FOd(ll) 



The following table shows the bit order transmitted for OC4 8 
operation. 



Fabric 
(bit) 


Cvcle 
0 


Cvcle 1 


Cvcle 2 


Cvcle 3 


F0(0) 


0 


cycle 0 + 
1212 


cycle 0 + 
2424 


cycle 0 + 
3636 


F0(1) 


1 


13 


25 


37 


F0(2) 


2 


14 


26 


38 


F0(3) 


3 


15 


27 


39 


F0(4) 


4 


16 


28 


40 


F0(5) 


5 


17 


29 


41 


F0(6) 


6 


18 


30 


42 


F0(7) 


7 


19 


31 


43 


F0(8) 


8 


20 


32 


44 


F0(9) 


9 


21 


33 


45 


F0(10) 


10 


22 


34 


46 


FO(ll) 


11 


23 


35 


47 
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The following table gives the fabric assignments for each 
block of 48 bits and the output bus assignments for OC192c 
operation. 



Bit 

BP 

bus 


0 

F0a(0 
) 


4 

Fla(0 
) 


8 

F0a(l 
) 


12 
Fla(l 

) 


16 
F0a(2 

) 


20 
Fla{2 
) 


24 
F0a(3 
) 


28 
Fla(3 
) 


32 
F0a(4 
) 


36 

Fla{4 
) 


40 

F0a(5 
) 


44 
Fla{5 
) 


Bit 

BP bus 


1 

Flb(0) 


5 

F0b(0) 


9 

Flb(l) 


13 
F0b(l) 


17 
Flb(2) 


21 
F0b(2) 


25 
Flb(3) 


29 
F0b(3) 


33 
Flb(4) 


37 
F0b(4) 


41 
Flb(5) 


45 
F0b(5) 


Bit 

BP bus 


2 

F0c(0) 


6 

Flc(0) 


10 
F0c(l) 


14 
Flc(l) 


18 
F0c(2) 


22 
Flc(2) 


26 
F0c(3) 


30 
Flc(3) 


34 
F0c(4) 


38 
Flc(4) 


42 
F0c(5) 


46 
Flc(5) 


Bit 

BP bus 


3 

Fld(0) 


7 

F0d(0) 


11 
Fld(l) 


15 
F0d(l) 


19 
Fld(2) 


23 
F0d(2) 


27 
Fld(3) 


31 
F0d(3) 


35 
Fld(4) 


39 
F0d(4) 


43 
Fld(5) 


47 
F0d(5) 



The following table shows the bit order transmitted for OC48 
operation. 



Fabric 
(bitt 


Cvcle 0 


Cvcle 1 


Cvcle 2 


Cvcle 3 


F0(0) 


0 


13 


+24 to cycle 0 


+24 to cycle 1 


F0(1) 


2 


15 






F0(2) 


5 


16 






F0(3) 


7 


18 






F0(4) 


8 


21 






F0(5) 


10 


23 






F1(0) 


1 


12 






Fl(l) 


3 


14 






Fl(2) 


4 


17 






Fl(3) 


6 


19 






Fl(4) 


9 


20 






Fl(5) 


11 


22 







The following table gives the fabric assignments for each block of 
48 bits and the output bus assignments for OC192c operation 



Bit 

BP bus 
Bit 



0 

F0a(30) 
1 



4 

Fla(30) 



8 

F2a(30) 



12 
F0a(21) 
13 



16 
Fla(21) 

n 



20 
F2a(21) 
21 



24 
F0a(12) 



25 



28 
Fla(12) 



29 



32 
F2a(12) 



33 



36 
F0a(03) 



37 



40 
Fla(03) 



41 



44 
F2a(03) 



45 
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5 



BP bus 


F2b(30) 


F0b(30) 


Flb(03) 


F2b(12) 


F0b(12) 


Flb(12) 


F2b(21) 


F0b(21) 


Flb(21) 


F2b(30) 


F0b(30) 


Flb(30) 


Bit 

BP bus 


2 

Flc(30) 


6 

F2c(03) 


10 
F0c(30) 


14 
Flc(12) 


18 
F2c(12) 


22 
F0c(12) 


26 
Flc(21) 


30 
F2c(21) 


34 
F0c(21) 


38 
Flc(30) 


42 
F2c(30) 


46 
F0c(30) 


Bit 

BP bus 


3 

F0d(03) 


7 

Fld(30) 


11 

F2d(03) 


15 
F0d(12) 


19 
Fld(12) 


23 
F2d(12) 


27 
F0d(21) 


31 
Fld(21) 


35 
F2d(21) 


39 
F0d(30) 


43 
Fld(30) 


47 
F2d(30) 



The following table shows the bit order transmitted for OC48 



Fabric 


Cycle 0 


Cvclel 


Cycle 2 


Cycle 3 


F0(30) 


0 


cycle 0 + 
1215 


+24 to cycle 0 
+ 24 


+24 to cycle 0 
+ 361 


F0(21) 


3 


17 






F0(12) 


5 


22 






F0(03) 


10 


13 






Fl(30) 


2 


14 






Fl(21) 


4 


16 






Fl(12) 


7 


19 






Fl(03) 


9 


21 






F2(30) 


1 


13 






F2(21) 


6 


18 






F2(12) 


8 


20 






F2(03) 


11 


23 

















The following table gives the fabric assignments for each 
block of 48 bits and the output bus assignments for OC192c 
operation. 



25 



30 



Bit 
BP bus 


0 

F0a(0) 


4 

Fla(0) 


8 

F2a(0) 


12 
F3a(0) 


16 
F0a(l) 


20 
Fla(l) 


24 
F2a(l) 


28 
F3a(l) 


32 
F0a(2) 


36 
Fla(2) 


40 
F2a(2) 


44 
F3a(2) 


Bit 

BP bus 


1 

F3b(0) 


5 

F0b(0) 


9 

Flb(0) 


13 
F2b(0) 


17 
F3b(l) 


21 
F0b(l) 


25 
Flb(l) 


29 
F2b(2) 


33 
F3b(2) 


37 
F0b(2) 


41 
Flb(2) 


45 
F2b(2) 


Bit 

BP bus 


2 

F2c(0) 


6 

F3c(0) 


10 
F0c(0) 


14 
Flc(0) 


18 
F2c(l) 


22 
F3c(l) 


26 
F0c(l) 


30 
Flc(l) 


34 
F2c(2) 


38 
F3c(2) 


42 
F0c(2) 


46 
Flc(2) 


Bit 

BP bus 


3 

Fld(0) 


7 

F2d(0) 


11 
F3d(0) 


15 
F0d(0) 


19 
Fld(l) 


23 
F2d(l) 


27 
F3d(l) 


31 
F0d(l) 


35 
Fld(2) 


39 
F2d(2) 


43 
F3d(2) 


47 
F0d(2) 
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The following table shows the bit order transmitted for OC48 



operation. 





Fabric 
(bit) 


Cvcle 

A 

y 


Cvcle 


Cvcle 


Cvcle 


5 


F0(0) 


0 


Id 


ZD 


^ / 




■PA f 1 \ 

F0(1) 


5 


Id 


j 1 


AO 
<+Z 




1-0(2) 


1 n 


91 
Z 1 


39 

JZ 


47 




F1(0) 


3 


14 


25 


36 




Fl(l) 


4 


19 


30 


41 


10 


Fl(2) 


9 


20 


35 


46 




F2(0) 


2 


13 


24 


39 




F2(l) 


7 


18 


29 


40 




F2(2) 


8 


23 


34 


45 




F3(0) 


1 


12 


27 


38 




F3(l) 


6 


17 


28 


43 




F3(0) 


11 


22 


33 


44 



It The following table gives the fabric assignments for each block of 
J : 3 48 bits and the output bus assignments for OC192c. 





Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 


IS 


BP bus 


F0a(0) 


Fla(0) 


F2a(0) 


F3a(0) 


F4a(0) 


F5a(0) 


F0a(l) 


Fla(l) 


F2a(l) 


F3a(l) 


F4a(l) 


F5a(l) 




Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


Flb(0) 


F2b(0) 


F3b(0) 


F4b(0) 


F5b(0) 


F0b(0) 


Flb(l) 


F2b(l) 


F3b(l) 


F4b(l) 


F5b(l) 


F0b(l) 




Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 




BP bus 


F3c(0) 


F4c(0) 


F5c(0) 


F0c(0) 


Flc(0) 


F2c(0) 


F3c(l) 


F4c(l) 


F5c(l) 


F0c(l) 


Flc(l) 


F2c(l) 


25 


Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 


BP bus 


F4d(0) 


F5d(0) 


F0d(0) 


Fld(O) 


F2d(0) 


F3d(0) 


F4d(l) 


F5d(l) 


F0d(l) 


Fld(l) 


F2d(l) 


F3d(l) 



The following table shows the bit order transmitted for OC4 8 
operation. 



Output 
Bit 


Fabric 
(bit) 


Cycle 0 


Cycle 1 


Cycle 2 


Cycle 3 


11 


F0(0) 


0 


14 


+24 cycle 0 


+24 cycle 1 


10 


F0(1) 


11 


21 






9 


F1(0) 


1 


15 






8 


Fl(l) 


4 


18 






7 


F2(0) 


5 


19 






6 


F2(l) 


8 


22 
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5 


F3(0) 


2 


12 






4 


F3(l) 


9 


23 






3 


F4(0) 


3 


13 






2 


F4(l) 


6 


16 






1 


F5(0) 


7 


17 






0 


F5(l) 


10 


20 







The following table gives the fabric assignments for each block of 



Bit 
BP bus 


0 

F0a(0) 


4 

Fla(0) 


8 

F2a(0) 


12 
F3a(0) 


16 
F4a(0) 


20 
F5a(0) 


24 
F0a(l) 


28 
Fla(l) 


32 
F2a(l) 


36 
F3a(l) 


40 
F4a(l) 


44 
F5a(l) 


Bit 
BP bus 


1 

F3b(0) 


5 

F4b(0) 


9 

F5b(0) 


13 
F0b(0) 


17 
Flb(0) 


21 
F2b(0) 


25 
F3b(l) 


29 
F4b(l) 


33 
F5b(l) 


37 
F0b(l) 


41 
Flb(l) 


45 
F2b(l) 


Bit 
BP bus 


2 

F0c(0) 


6 

Flc(0) 


10 
F2c(0) 


14 
F3c(0) 


18 
F4c(0) 


22 
F5c(0) 


26 
F0c(l) 


30 
Flc(l) 


34 
F2c(l) 


38 
F3c(l) 


42 
F4c(l) 


46 
F5c(l) 


Bit 
BP bus 


3 

F3d(0) 


7 

F4d(0) 


11 
F5d(0) 


15 
F0d(0) 


19 
Fld(0) 


23 
F2d(0) 


27 
F3d(l) 


31 
F4d(l) 


35 
F5d(l) 


39 
F0d(l) 


43 
Fld(l) 


47 
F2d(l) 



10 



is 



2D 



25 



30 



The following table shows the bit order transmitted for OC4S 



Fabric 
fbitt 


Cycle 
0 


Cycle 
1 


Cvcle 2 


Cvcle 3 


F0(0) 


0 


15 


cycle 0 + 24 


cycle 1 + 24 


F0(1) 


2 


13 






F1(0) 


4 


19 






Fl(l) 


6 


17 






F2(0) 


8 


23 






F2(l) 


10 


21 






F3(0) 


1 


14 






F3(l) 


3 


12 






F4(0) 


5 


18 






F4(l) 


7 


16 






F5(0) 


9 


22 






F5(l) 


11 


20 







The following table gives the fabric assignments for each block of 
48 bits and the output bus assignments for OC192c operation. 



Bit 

BP bus 


0 

FOa(O) 


4 

Fla(O) 


8 

F2a(0) 


12 
F3a(0) 


16 
F4a(0) 


20 
F5a(0) 


24 
F6a(0) 


28 
F7a(0) 


32 
F8a(0) 


36 
F9a(0) 


40 
F10a(0) 


44 
Flla(O) 


Bit 

BP bus 


1 

F3b(0) 


5 

F4b(0) 


9 

F5b(0) 


13 
F6b(0) 


17 
F7b(0) 


21 
F8b(0) 


25 
F9b(0) 


29 
F10b(0) 


33 
Fllb(O) 


37 
FOb(0) 


41 
Flb(O) 


45 
F2b(0) 


Bit 

BP bus 


2 

F6c(0) 


6 

F7c(0) 


10 
F8c(0) 


14 
F9c(0) 


18 
F10c(0) 


22 
Fllc(0) 


26 
FOc(O) 


30 
Flc(O) 


34 
F2c(0) 


38 
F3c(0) 


42 
F4c(0) 


46 
F5c(0) 


Bit 

BP bus 


3 

F9d(0) 


7 

F10d(0) 


11 
Flld(O) 


15 
FOd(O) 


19 
Fld(0) 


23 
F2d(0) 


27 
F3d(0) 


31 
F4d(0) 


35 
F5d(0) 


39 
F6d(0) 


43 
F7d(0) 


47 
F8d(0) 



The following table shows the bit order transmitted for OC48 
operation. 



Fabric 
(bit) 


Cycle 
0 


Cycle 
1 


Cycle 
2 


Cycle 
3 


F0(0) 


0 


15 


26 


37 


F1(0) 


4 


19 


30 


41 


F2(0) 


8 


23 


34 


45 


F3(0) 


1 


12 


27 


38 


F4(0) 


5 


16 


31 


42 


F5(0) 


9 


20 


35 


46 


F6(0) 


2 


13 


24 


39 


F7(0) 


6 


17 


28 


43 


F8(0) 


10 


21 


32 


47 


F9(0) 


3 


14 


25 


36 


F10(0) 


7 


18 


29 


40 


F11(0) 


11 


22 


33 


44 



The data for each fabric 14 is assigned to transceivers 
based on the number of fabrics configured. 

The Fabric Routeword is constructed based on the length 
of the out-going fragment and the configuration that was present 
when it was striped. The constructed Fabric Routeword is 
transmitted on bits 2 (bus A routeword bit) and 3 (bus B routeword 
bit) of the first transceiver allocated to a fabric 14. 

The parity data is identical to the transmit data. 



The parity calculation uses the following formulas and 
the following aggregator 32 read order 



Bit 


Transmit 

Mi ipc 


YHD Kite 




o 


0 4 


PI 


2 


2,6 


P2 


1 


1,5 


P3 


3 


3,7 


P4 


0 


8,9 


P5 


2 


10,11 


P6 


1 


13,17 


P7 


3 


15,19 


P8 


0 


16,12 


P9 


2 


18,14 


P10 


1 


20,21 


Pll 


3 


22,23 



Note that parity bits P12-P24 repeat the pattern of P0-P1 1 



For generation of parity, 2 bits are exchanged between S0->S1 and 
S2->S3 for each 24 bit word, one bit in either direction. The 
following table shows the bits transmitted on each output parity 
bus . 



Striper 


Bus 


Function (96 bits) 


A 


A4 


20, 44, 64, 92 (20+1*24) 




B2 


"00" 




C2 


"00" 


B 


A4 


9,33,57,81 




B2 


"00" 




C2 


"00" 


C 


A4 


22,46,66,94 




B2 


"00" 




C2 


"00" 


D 


A4 


11,35,59,83 
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B2 


"00" 




C2 


"00" 



The parity calculation uses the following formulas: and the following aggregator 32 read order 



15 



15 



20 



25 



Bit 


Transmit 


XORbits 


stripe 




P0 


0 


0,4,8 


PI 


3 


3,7,11 


P2 


1 


1,5,9 


P3 


2 


2,6,10 


P4 


0 


12,16,20 


P5 


3 


15,19,23 


P6 


1 


13,17,21 


P7 


2 


14,18,22 



Note that parity bits P8-P15 repeat the pattern of P0-P11. 
Parity generation requires no exchange of bits for OC192c. 

The parity calculation uses the following formulas and the following aggregator 32 read order 



Bit 


Transmit 


XORbits 


stripe 




P0 


StO 


0,4,8,11 


PI 


Stl 


1,5,9,7 


P2 


St2 


2,3,6,10 


P3 


St3 


15,19,22,23 


P4 


StO 


12, 16, 18, 20 


P5 


Stl 


21,13,14,17 


P6 


St2 


26,30,33,34 


P7 


St3 


27,29,31,35 


P8 


StO 


24,25,28,32 


P9 


Stl 


37,41,44,45 


P10 


St2 


38,40,42,46 


Pll 


St3 


36,39,43,47 
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Generation of parity for OC192c requires each striping giving every other striper 1 bit/48 bits of 
data. The following table shows the bits transmitted on each output parity bus. 



kjLiiJJCI 


Jlua 


fTiitirfinti f96 hits^ 

M. UllVtlU 11. \ \J K/HtJ f 


A 


A4 


"00" & 44, 92 




B2 


40, 88 




C2 


36, 84 


B 


A4 


"00" & 25,73 




B2 


33,81 




C2 


29, 77 


C 


A4 


22,70 




B2 


14, 62 




C2 


18,66 


D 


A4 


"00" & 7, 55 




B2 


3,51 




C2 


11,59 



The parity calculation uses the following: 



Bit 


Transmit 
stripe 


XORbits 


P0 


0 


0,4,8,1,5,9 


PI 


2 


2,6,10,3,7,11 


P2 


1 


13,17,21,12,16,20 


P3 


3 


15,19,23,14,18,22 



Note that parity bits P4-P8 repeat the pattern of P0-P3+24. The following table shows the bits 
1 5 transmitted on each output parity bus. 



Striper 


Bus 


Function (96 bits) 


A 


A4 


(12x16x20), (36x40x44), 
(60 x 64 x 68), (84 x 88 x 92) 




B2 


"00" 




C2 


"00" 


B 


A4 


(1 x 5 x 9), (25 x 29 x 33), 
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(49 x 53 x 57), (73 x 77 x 81) 




B2 


"00" 




C2 


"00" 


c 


A4 


(14x18x22), (38x42x46), 
(62x66x70), (86x90x94) 




B2 


"00" 




C2 


"00" 


D 


A4 


(3x7x 11), (27x31 x35), 
(51x55x59), (75 x79x83) 




B2 


"00" 




C2 


"00" 



The parity calculation uses the following formulas and the 
following aggregator 32 read order: 



Bit 


Transmit 
stripe 


XORbits 


P0 


StO 


0-11 


pi 


Stl 


12-23 


P2 


St2 


24-35 


P3 


St3 


36-47 



The following table shows the bits transmitted on each output 
parity bus. 



Striper 


Bus 


Function (96 bits) 


A 


A4 


"00" & (12 x 16x20) & 
(48 x 52 x 56) 




B2 


(24 x 28 x 32) & (48 x 52 x 56) 




C2 


(36 x 40 x 44) & (84 x 88 x 92) 


B 


A4 


"00" & (1 x 5 x 9) & 
(49 x 53 x 57) 




B2 


(25 x 29 x 33) & (49 x 53 x 57) 




C2 


(37 x 41 x 45) & (85 x89x91) 


C 


A4 


"00" & (38x42 x 46) & 
(86 x 90 x 94) 
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B2 


(14 x 18x22) & (62x66x70) 




C2 


(2x6x 10) & (50x54x58) 


D 


A4 


"00" & (27 x 31 x 35) & (51 x 55 x 59) 




B2 


(15 x 19 x 23) & (63x67x71) 




C2 


(3x7xll)&(51 x55 x59) 



The striper generates backpressure for the BIB bus based 
on FIFO utiliziation. Backpressure should be asserted if the 
number of free fragments in the EOP FIFO falls to less than the 
5 programmed backpressure fragment count. This fragment count will 
~2 be programmed to generated backpressure with a FIFO pad of 2-3 
m fragments . 

Data can be read from the FIFO when either an EOP is seen 
Cri at the head of the FIFO (a cell/packet is only a single fragment 
fu long) or when a fragment has been read and another fragment 
follows. If another fragment does not follow, it is EOP and in 
f 3 general the EOP must be read in concert with a previous fragment 
U since it can be less than 54 bytes. 

° When the head of the FIFO is a cell that has a fabric 

15 routeword that matches the value in the unsplit routeword register 
then the reading of the cell is delayed if necessary until the 
second cell has been stored in the FIFO. The two cells will then be 
read and unsplit to form a single cell to be transmitted. 



20 



Cell synchronization uses the standard switch sync 
mechanism. The transmitter behavior is utilized in this chip. When 
configured in OC192c mode the master striper will assert the 
MASTER_lockdown_valid signal to all slave stripers when its own 
lockdown_valid signal is asserted. The master striper will also 
assert the MASTER_sync_valid signal to all slave stripers when its 
25 sync_valid signal is asserted. This master-controlled 
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synchronization is necessary to ensure that all stripers start 
transmitting valid data the same number of cycles after 
transmitting the SYNC character. 

One striper will decide when to transmit data to the 
5 backplane. It will communicate that information to the other three 
stripers across a bus 22. Four clock cycles after the start of the 
operation, the stripers will start to exchange parity data on every 
clock cycle while the transfer is running. 

-2 The master striper will transmit the following signals to all 
jl slaves which will sequence reads for OC192c appropriately. 



Label 


Direction 


Function 


Start 


Master-O 


Driven to a zero to indicate start of next fragment, one 
for non-start of packet. 


Numb_fab 


Master-O, slave-I 


Driven by the master to indicate the number of fabrics 
the current packet should be driven to. 


Stop 


Master-0 


Driven to a zero to indicate the last fragment to be 
transmitted with the routeword transmitted with start. FS 
bits will be figured out using internal information in each 
slave. 


SS_CLK 


Master-O 


3 clocks, one for each receiver. Used as the bus clock 
for the start, numb_fab ; and stop fields. 


IB_EN 


Master-O 


Input bus enable. If this signal is a zero, all slaves will 
discard all data from the FIFOs. This signal is set to a 
one to indicate the start bit is valid. 



Four clock cycles after a start has been signaled, the parity 
exchange bus starts working on the current packet. Each striper 
has a 10 bit input bus and a 10 bit output bus which are used to 
2 0 connect the chips together for exchange of parity information for 
each 96 bits of backplane data. Each chip produces a 4 -bit bus and 
two 2 -bit busses (A4, B2 and C2) . Additionally, each chip accepts 
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a 4 -bit bus and two 2 -bit busses (D4, E2 , F2) . The number of bits 
utilized for each bus varies based on the striping configuration. 



These busses are interconnected in the following fashion. 



Input Interface 



Output 
Inter- 
faces 



StO 
D4 



StO 
E2 



StO 
F2 



Stl 
D4 



Stl 

E2 



Stl 
F2 



St 2 
D4 



St 2 
E2 



St 2 
F2 



St 3 
D4 



St 3 
E2 



St 3 
F2 



Striper 0 
output 



A4 



B2 



C2 



Striper 1 
output 



A4 



B2 



C2 



Striper 2 
output 



C2 



B2 



A4 



Striper 3 
outputs 



C2 



B2 



A4 



Note that each output bus and input bus carry a SOF bit to indicate 
the start of a fragment and a clock bit. The SOF bit is multi- 

10 dropped from one chip to all 3 receivers, but 3 clock signals are 
formed. This gives a total output bus of 8 bits of data, 1 SOF and 
3 clocks (12 bits) . The receive side is 8 bits of data, 3 SOF, and 
3 clocks (14 bits) . Each chip will drive the SOF with its parity. 
8 clock cycles of delay will be inserted in the master, 4 in each 

15 of the slaves to allow for sufficient time for parity data to be 
exchanged . 
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The version number register is a read only register which 
identifies the chip revision. 

Bit Label Function 

31:16 Unused 

15:12 Version number Gives the version number of the ASIC. Starting 

version number is 000 1 . 
11:0 Chip ID Gives the chip ID of the striper. 



The main control register controls the configuration of the chip. 



10 



15 



Bit 

31:19 
18 



17:10 
9 



Reset Mode Label 



6:5 
4 

3 

2:0 



Value 

0 
N/A 



16#00# 
0 



0 

N/A 
N/A 

0 

2#000# 



N/A unused 

R BIB_CONN 
enabled 



R/W Egress rw sub field 

R/W Egress rw sub 
enable 



R/W BIB_BP_polarity 



R/W BE3_SOP/Eop 
polarity 



R OC192c chip id 

R OC192c 

R/W Input bus enable 

R/W Number of fabrics 



Function 



Set this bit to enable the use of the 
BIB_CONN input bus to obtain the fabric 
connection number rather than finding it in 
the first four bytes of data. 
Data field used with the egress rw sub 
enable bit. 

Set this bit to a one to substitute egress RW 
sub field into the upper 8 bits of the 
connection ID for the egress RW for the 
split RW. 

Set this bit to a one to indicate the BIB_BP 
signal should be active high, set to a zero 
for active low. 

Set this bit to a one to indicate BIB 

SOP/EOP are active high signals, set to a 

zero for active low signals. 

Returns the value of chip id set on the input 

pins. 

Returns the value present on the 
OC48/ocl92pin. One indicates an OC 192, 
zero an OC48. 

Set this bit to a one to enable receiving data 
on the input bus. 

Specifies the number of fabrics which are 
used in the current striping configuration. 
These values are encoded as follows: 
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000- One fabric 

001 - Two fabrics 

010- Three fabrics 

011- Four fabrics 

100- Six fabrics 

101- twelve fabrics. 

Note this field is only used by the master 
chip in a OC192c configuration. Changing 
the striping configuration becomes 
effective on the next start of packet. Any 
fragmented packet will have every packet 
fragment support the same striping 
configuration. 



Cn This register contains a status information to report errors. All 

2§ bits are cleabed on read. 

CO Bit Reset Mode Label Function 



3 
2 
1 



Value 

0 
0 
0 



R/C pe_sync_error 
R/C loss_of_sync 
R/C packet_dropped 



25 



R/C ICB valid 



Parity exchange sync error 
Loss of global sync 

This bit is set to a one if a packet drop has 
occurred. Note that this should only 
happen in hardware error situations 
(ignoring backpressure signal), so no drop 
counter is provided. 

This bit is a one when the ICB has a valid 
packet or cell. 



The interrupt mask enables the interrupt for the given bit in the 
main status register. A mask bit must be set to v l' in order to 
enable the interrupt . 

Bit Reset Mode Label Function 



30 



3 
2 



Value 

0 
0 



R/C pe_sync_error Parity exchange sync error interrupt enable 
R/C loss_of_sync Loss of global sync error interrupt enable 
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1 0 R/C packet_dropped Packet dropped interrupt enable 

0 0 R/C ICB_valid ICB valid interrupt enable 

The output enable register controls the ports enabled for the first 
output busses on the device. This bit must be a one and the fabric 
5 presence bit must be asserted to enable the drivers to a fabric. 

Bit Reset Mode Label Function 



Set each bit to a one to enable the same 
numbered output bus. Bit 12 is the output 
enable for parity, bits 0-1 1 are for outputs 
to fabrics 0-11 respectively. 

The BIB backpressure control register controls when the striper 
7 asserts the backpressure signal. Whenever the number of available 
it blocks (54 byte chunks) in memory falls below this value, 
:f backpressure is asserted. This register should be set equal to 
U Max_packet_size/64K * 75-4. 

O Bit Reset Mode Label Function 

Value 

7:0 16#00# R/W count Set to the number calcaulated above. To 

disable backpressure, program to zero. 

15 The striper provides a software interface to a cell storage 
location. This location can either store an ATM cell or a fragment 
up to 64 bytes long. 

To read a cell /fragment from the FIFO, perform the following 
actions : 



Value 

12:0 16#00# R/W Output Enable 
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1. Initialize the Output Enable/Trap enable register to trap a 
cell on the desired condition. 

2. Wait for the Trap Valid bit to be set in the main status 
register . 

5 3. The data is now available in the ICB data registers. 



To write a cell/packet, perform the following actions 

Disable all traps into the ICB using the ICB trap/tx enable 

register. 

Write the data to the Data FIFO first data registers. The first 
four bytes of data are used to form the fabric routeword. The next 
four bytes are used as memory controller routeword. The remaining 
bytes are used as cell/packet data. 

Write to the ICB trap/tx enable register to send the data. 



This register is used to control the storage of cells to the ICB. 



IS 



Bit Reset Mode 



Label 



20 



Value 

11:6 16#00# R/W Byte_count 

5:3 2#000# R/W Trap_mux_sel 

2 0 R/W Transmit 



R/W DIN recent 



R/W DIN first 



Function 

Set these bits to the number of bytes to 

transmit from the ICB. 

Selects the point in the output pipeline 

where the data will be trapped. 

Set this bit to a one to force the transmit 

of the ICB cell onto the backplane. 

After transmission, this bit is cleared 

automatically by the hardware. 

Set this bit to a one to trap the most 

recent cell (or first 52 bytes of data for a 

packet) into the ICB. 

Set this bit to a one to trap the first cell 

(or first 52 bytes of data for a packet) 

into the ICB. 
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This register reads and write the location used for the fabric 
routeword. If a cell is captured, this is the fabric routeword 
which was input to the chip. 



Bit 

29 
28:26 



Reset 

Value 

0 

2#000# 



Mode Label Function 



R/W Pkt_cell Selects the packet/cell indication 

bit. 

R/W Stripe_amount Gives the stripe amount for the 

cell/packet. This value is encoded 
as follows: 

000- One fabric 

001 - Two fabrics 

010- Three fabrics 

011- Four fabrics 

100- Six fabrics 

101 - twelve fabrics. 



25 0 R/W Uc_mc 

24:0 16#0 0000# R/W conn 



Selects the UC/MC bit for the 
fabric. 

Gives the connection number used 
by the fabric. 



This register reads the byte at the head of the data FIFO. 
10 Bit Reset Mode Label Function 

Value 

31:0 1 6#0000_0000# R/W Routeword Gives the value of the memory 

controller routeword. 



These registers correspond to one 32 bit value in the ICB. 
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Bit Reset Mode Label Function 

Value 

31:0 16#0000_0000# R/W Data Gives the value of the 

corresponding packet/cell data. 
Note that bytes are transmitted counting ICB memory controller 

routeword and starting with ICB data 0 until bthe bytes count is 

5 exhausted. Non-32 bit byte count values will treat bits 7:0 as the 

first byte, bits 15:8 as the second, bits 23:16 as the third and 

bits 31:24 as the fourth. 

r=i The synch delay register controls configuration of the counters 
W used for synchronization. 

Function 



Number of clock cycles before the 
master sequence counter is 
incremented. The tick length 
controls the time duration which 
one sequence value is transmitted. 
Dividing the programmed value by 
either 36 (OC48) or 9 (OC192) 
gives the maximum number of 
packets which can be transmitted. 
Due to FIFO limitations, this value 
should be programmed to a value 
less than or equal to 1024. 

Note that the synch_debug register should be read after updating 
the synch delay register to flush out any stale data in the synch 
debug register. 

15 The synch debug register is used to monitor the state of the 
synchronization logic . 

Bit Reset Mode Label Function 

Value 



1M Bit Reset Mode Label 

* y Value 

U 15:0 16#0000# R/W Tick Length 
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7:0 



16#00# 



R 



Clk diff 



The clock speed difference register is 
used as a rough heartbeat for the 



synch logic. It counts the number of 
clocks in the last pause due to resynch. 

A negative value is represented by a 
' 1 ' in the MSB of the register. 



The striper supports unsplitting for the control port. Unsplitting 
is taking multiple back to back cells, treating it as one AAL5 
frame and transporting the AAL5 data as the raw data for the 
backplane. In general, there is no hardware dependancy on the 
number of cells which can be split or unsplit, but the prime 
intention is to utilize two cells to encapsulate 60 bytes of data. 
Cells to be unsplit in the striper are identified by an incoming 
routeword match on the memory controller routeword. 

The bits used for the fabric routeword are formatted as shown in 
the following table . 

Bit Reset Mode Label Function 



28 
27:25 



Value 

0 

2#000# 



R/W Pck/cell 
R/W Stripe_amount 



Selects the packet/cell indication bit. 
Gives the stripe amount for the 
cell/packet. This value is encoded as 
follows: 



000-One fabric 



001 -Two fabrics 



010-Three fabrics 



Oil-Four fabrics 



100-Six fabrics 



101 -twelve fabrics. 
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24 0 R/W UC/MC Selects the UC/MC bit for the fabric. 

indication 

23 : 0 1 6#0_0000# R/W Fab conn numb Gives the connection number used 

by the fabric. 



This register is used to identify cells which need to be put 
through the unsplitter. Any cell which has a memory controller 
routeword match this register is unsplit. It is assumed that all 
cells to be unsplit will be received back to back. 
Bit Reset Mode Label Function 

Value 

31:0 1 6#0000__0000# R/W RW value Gives the required value of the 

memory controller routeword for 
unsplitting. 



I; The following table gives the timing contraints used for timing 
I analysis. Any designs which meet these contraints should work 
^ across any respins. The columns have the following meanings: 



CLK 

Min_time 

Max_time 
Output Load 

Drive 
Comments 



Gives the reference clock for the timing. All timing values are given in 
reference to the clock signal arriving at the assocatiated clock pin on 
striper. 

This gives the minimum amount of time before an output signal transitions. 
This can be used to calculate hold time. 

This gives the maximum amount of time until an output signal is stable. 
Load used for max__time. Other loads can be used, greater loads increase 
time, smaller loads decrease time. 
Type of drive book. 

Any comments (primarely on the derrivation of output load). 



Pin ClkM Max Output Drive Comm 

in Time Load ents 
Time 

TDO TCK 10 pF 
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The following table gives the input timing. The columns have the 
following meanings: 

CLK Gives the reference clock for the timing. A value of N/A either means the 

signal is not speced for transition or that the signal is not assumed to 
asynchronous wrt all input clocks. 

Setup/hold same thing they mean everywhere else. 

Pin cap Pin capacitince presented by the receiver or bidi. 

Comments Any comments (primarely on the derivation of output load). 

The chip was timed assuming the following arrival times for clocks: 

Clock Clock Su pported Notes 

Skew 



AD CLK any Any 



AD_CLK is asynchronous with rest of chip. Unstriper 
supports speeds from 20MHz to 33MHz on AD CLK. 
The speed limit on the AD clock is primarely I/O timing 
releated, chip internals run up to 40. Any applications 
which desire above 33 MHz should talk to the design 



team. 



The structure of the Unstriper is shown in figure 3. 

The Synchronizer de-skews SOB data based on information 
obtained during global synchronization. Valid received data is 
sent to the RW/Data Separator 34. 

The route word data separator 34 takes the current switch 
10 configuration and separates route words and data into separate 
paths. Route words are passed to the Routeword Voter. Data is 
written into the Data Delay FIFO. 

The Routeword Voter detects differences in the routeword 
stream and passes the error vector downstream. In OC192c mode, the 
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Routeword Voter utilizes the Routeword Exchange bus to communicate 
routeword and End-of -Packet (EOP) information across the four 
Unstripers . 

The Data Delay FIFO stores raw incoming receiver data 
5 until a valid number-of -fabrics (NF) has been extracted from the 
valid routeword. The NF is used to extract the fabric data from the 
received data for the Fragment FSM. 

The Fragment FSM receives data from the Data Delay FIFO 
*i and constructs 4 8 -bit cycles of data that are then passed to the 
IP Parity Check+Fabric Data Regeneration block. This step is necessary 
7i for 40, 80 and 240-slow bandwidth configuration modes as they do 
not provide a full 48 -bits of data per cycle. 

7 Parity Check + Data Regeneration will form up to thirteen 

H (twelve fabrics plus one parity) data streams that will be checked 

l|f for parity errors. Each generated data stream will be output to a 

M checksum checker. In OC192c mode the Parity Exchange bus is used to 

:f compute the parity across all of the fabric data. 

The checksum checkers perform an error check on the 
incoming data. There is one checksum for each of the thirteen 
2 0 regenerated data streams coming out of Parity Check + Data 
Regeneration. The checksum checkers support two logical contexts 
and can switch between them. One logical context is used to 
support unicast (UC) traffic coming from the fabrics and one to 
support multicast (MC) traffic coming from the fabrics. 

2 5 Output Data Select finds an output combination with valid 

routewords and a passing checksum (if one exists) . If so, the 
valid output select is passed to the Output Data Formatter block, 
which then reads the data from the Fabric Data FIFO substituting 
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regenerated data for up to one fabric if necessary. In OC192c mode, 
the Error Exchange bus is used by each slave Unstriper to send its 
error information to the master Unstriper. The master Unstriper 
uses all of the error information received plus its own error 
5 information to determine the valid combination inputs, if any, and 
sends the determination back to each slave Unstriper. 

These buffers defragment and store the received data and 
the regenerated data during the checksum checking and while it is 
waiting to go out the output interface. These buffers are sized 
i:tf sufficiently large to hold one 64K packet for UC traffic and one 
Cn 64K packet for MC traffic. 

M The Output Data Formatter select forwards the data from 

^ the Reassembly Buffers to the BOB FIFO for the output mapping 
7 indicated by the Output Select FIFO. The mapping given in the 
lM output selection word is assumed to be valid for the entire 
j[* packet/cell . 

The BOB FIFO (one for each context) buffers data during 
periods of backpressure from the BOB interface or while the other 
context is actively using the BOB I/F. All packets stored into 
2 0 these FIFOs start on 64 -bit boundaries. 

The output of the BOB FIFO is where the data crosses from 
the core clock domain to the BOB clock domain. 

The BOB I/F forwards data to the Segmenter from the UC 
and MC BOB Data FIFOs based on order of arrival of packets to those 
25 FIFOs. In OC192c mode the Packet Length Exchange bus is used so 
that each Unstriper can properly shorten minimum length packets (>= 
52 bytes) that represent short packets (< 52 bytes) . Byte 52 of the 
minimum length packet contains the actual length of the short 
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packet. In OC192c mode each Unstriper receives two bits of this 
length which must then be sent to the other Unstripers to 
reconstruct the entire 8-bit value. 

The packet length exchange occurs at this point in the 
5 flow because it is the first place where this is only one context 
and the data is valid. 

The Segmenter divides packets into AAL5 encapsulated ATM 
cells. The Segmenter has a BOB-style interface with the Unstriper 
% to support its development as a separate effort. 

lHJ The following table gives the I/O definition for the 

Ki chip. The DIR column indicates an output is either an input (I), 
l r * output (0) or bidir (B) . 

H Chip mode is a 3 bit bus. It has the following signals. 



Chip Mode 


Label 


Function 


2 


Mode 


Tie to a one for OC192, zero for an OC48. 


1:0 


Chipjd 


For OC192, connect to the starting bit number. Note that 
chipjd = "00" is the master controller for OC192. For 
OC48, these pins should be tied high. 



The Unstriper has multiple clock regions: 

1. 12 5 MHz SOB clock (1 from each receiver channel); 

2. 125 MHz Core clock; 

2 0 3. 80-125 MHz BOB clock; and, 
4. 66 MHz ADB clock. 

Each clock is assumed to be asynchronous with respect to all other 
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clocks. The higher-level protocol of global synchronization is 
expected to handle any issues with FIFO overflow due to clock 
drift. 



The following spreadsheet shows the internal RAM utilization for 



5 the part. 



Function 


Words 


Width 


# of bits 


WR frea 


RD frea 


TvDe 




Valid Routeword FIFO 


128 


66 


8448 


125 


125 


2 oort-RA 




Data Deiav FIFO 


256 


92 


23552 


125 


125 


2 Dort-SRAM 


Incoming Data FIFO-UC 


5632 


96 


540672 


125 


125 


1 oort-SRAM 


Incomina Data FIFO-MC 


5632 


96 


540672 


125 


125 


1 Dort-SRAM 


Reaen'd Data FIFO-UC 


5632 


96 


540672 


125 


125 


1 Dort-SRAM 


Re<leh'd Data FIFO-MC 


5632 


96 


540672 


125 


125 


1 Dort-SRAM 


OutcSit Select FIFO 


3072 


28 


86016 


125 


125 


2 Dort-SRAM 


BOBOata FIFO-UC 


4096 


128 


524288 


125 


125 


1 Dort-SRAM 


BOBUData FIFO-MC 


4096 


128 


524288 


125 


125 


1 Dort-SRAM 


TerHnated Ceil FIFO 


256 


38 


9728 


125 


125 


2 oort-RA 




















SvnWlFO-Rcvr 0 


256 


10 


2560 


125 


125 


2 oort-RA 




SvfelFIFO-Rcvr 1 


256 


10 


2560 


125 


125 


2 oort-RA 




SvnCrFlFO-Rcvr 2 


256 


10 


2560 


125 


125 


2 oort-RA 




SvrTcfFIFO-Rcvr 3 


256 


10 


2560 


125 


125 


2 oort-RA 




Svifc FIF0-Rcvr4 


256 


10 


2560 


125 


125 


2 oort-RA 




Svri^FIFO-Rcvr 5 


256 


10 


2560 


125 


125 


2 oort-RA 




SvrfclFIFO-Rcvr 6 


256 


10 


2560 


125 


125 


2 oort-RA 




Svnp FIFO-Rcvr 7 


256 


10 


2560 


125 


125 


2 oort-RA 




Svric.FIF0-Rcvr8 


256 


10 


2560 


125 


125 


2 oort-RA 




SvricTIFO-Rcvr9 


256 


10 


2560 


125 


125 


2 Dort-RA 




SvtlclFIFO-Rcvr 10 


256 


10 


2560 


125 


125 


2 Dort-RA 




SvifclFIFO-Rcvr 11 


256 


10 


2560 


125 


125 


2 Dort-RA 




Svnc FIFO-Rcvr 12 


256 


10 


2560 


125 


125 


2 oort-RA 




SvncFIFO-Rcvr13 


256 


10 


2560 


125 


125 


2 oort-RA 










35840 










Total 






3374848 











SOB synchronization uses the standard Switch Global 
Synchronization mechanism. The Unstriper implements the receiver 
portion of the synchronization logic. 

All received routewords (as determined by the contents of 
10 the Input Enables register) are compared against the routeword 
immediately below it (where below is over the routewords 0 to N-l 
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for a switch with N fabrics) . Any single mismatch will have two 
adjacent zeros and the rest ones. A double mismatch will result in 
more than one region of zeros or a region with more than two 
adjacent zeros. In the single error case, the first location with 
5 a mismatch is the erroneous location (a lane is considered correct 
if its comparison output is a one or if the next comparison output 
is a one) . The voting results are maintained during the processing 
of a single routeword so that fabrics that mismatch will continue 
to mismatch. The lowest numbered fabric which matched every cycle 
10 is passed forward to the Data Delay FIFO along with a vector of 
mismatches. 

m. The voter becomes out -of -sync if before reaching the end 

^ of a routeword all fabrics have a mismatch. The voter requires an 

IDLE on the SOB to re -sync to the incoming routeword stream as it 
1€ provides a known packet boundary. The Data Delay FIFO must also 

flush all data received since the end of the last successfully 
M voted routeword. 

S3 In OC192c, each Unstriper receives the same route word 

bits after routeword exchange, so it can perform local comparison 
2 0 of route word data. 

In OC192c mode each Unstriper only receivers a portion of 
the switch 10 routeword. In order to properly determine needed 
values including the locatoin of the last valid byte each Unstriper 
exchanges its portion of the routeword with the other Unstripers. 

25 All fields within the switch 10 routword are relevant 

except the EOP field. In particular the SOP field occurring as the 
first non-zero even-numbered bit signals the start of a Switch 
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Routeword. The PT field designates whether the transfer is a packet 
or a cell. This is only significant when transmitting the received 
data on the BOB. The CONN field is only important for Path Error 
Cell identification (bit 0 non-zero and bit 25 zero) and for 
5 Unicast /Multicast context identification (bit 25) . The NF field 
indicates the number of fabrics over which the transfer was sriped 
which is absolutely necessary for unstriping the transfer. Finally 
the Stop/Final variable length encoding which is used to determine 
the length of the transfer and whether it is a final fragment or 
lfS not . 

CO One of the most important characteristics of the Switch 

Z Routeword is that it encodes the length of the transfer in bytes. 
Ji The parser determines the length and transmits it with the fully 
m parsed routeword to the Data Delay FIFO. 



20 



The Switch Routeword contains a parity bit which 
respresents the odd parity computed over the first 32 bits of the 
routeword. If the value parsed from the routeword is not the same 
as the value obtained by applying the parity function to the first 
32 bits received then a Routeword Parity Error is signaled causing 
the Routeword Parity Error Count register to be incremented. 
Transfers are not dropped immediately if there is a routeword 
parity error. The transfer is allowed to proceed but the error is 
sent with the transfer to ensure that it is eventually dropped. 



The NF field of the routeword has to be consistent with 
25 the configuration of the Unstriper if this isn't the case then an 
error is signaled causing the Routeword NF Error Count register to 
be incremented for each such routeword received. 
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The Unstriper takes the NF field from the switch 
routeword and the parity bits (fabric 0) and forms NF+1 output 
streams with the N input streams of data based on each of the input 
data streams potentially having a problem. Each resulting data 
5 stream is passed to a dedicated checksum verifier that checks 
whether the data stream is valid. 

The data checking function will also form a routeword 
valid bit for each of the data streams by ORing all of the 
O routeword valid bits for all utilized input streams. 

lj| Data checking is performed over an entire packet with 

*j errors being reported only once for the affected packet. 

7 The data for any single fabric 14 may be regenerated by 

H replacing the fabric 14 data with the parity fabric 14 data and 
It computing a new parity fabric 14 value. The newly computed parity 
if fabric 14 value should be identical to the original fabric 14 data 
)t that is being regenerated. If this is not the case then either the 
fabric 14 data is erroneous or some other fabric 14 (including the 
parity) is erroneous. The parity check compares the original data 
with the regenerated data and if there's a difference a parity 
20 error is signaled for the affected packet. 

The data checking function forms a 16 -bit checksum using 
the following algorithm. 

1. The incoming bit stream is separated into 4 bit 
streams based on the bit number mod 4 = a constant. 
25 Each bit stream will have an independent checking 

function implemented. This bit stream includes all 
data received for a packet or cell except the 16- 
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bit checksum at the end of the final fragment. 

2. A standard 16-bit CRC function (X 16 + X 12 + X 5 + 1) 
is applied to each of the 4 data streams. The CRC 
is preset at the beginning of each packet or cell. 

5 3 . Four bits are selected from each of the resulting 4 

CRCs and concatenated together to form the final 
16-bit checksum. Each slice will use ( (bit_number 
mod 4) *4 + 3 to (bit number mod 4) *4 . 



For an input stream to pass the checksum as computed 

lO above must match the checksum extracted from the end of the 

~s packet/cell. The checksum algorithnm is defined in this way to 

%! ensure that OC192c can be supported with minimal overhead. Any CRC 

^ over all the data would require the exchange of up to 13 CRC terms 

7 per OC192c cell/packet time (which is 2 clock cycles) . Since data 

i5 checking is separate for each slice, the information which needs to 

12 be collected at the end is the pass/fail data from each of the 13 

M CRC functions in all 4 chips and then a final pass/fail can be 

It constructed. 



The output stream used will be the first output stream 
2 0 found which has a valid routeword and a valid checksum at the end 
of the packet or cell. Note that this will default to not using 
parity if the non-parity data is correct. 



Routeword and data errors may both be present. If a 
routeword error occurs it invalidates the the input stream on which 
25 it occurred even if that stream passes all other tests. Any input 
combination that uses such a stream is also erroneous. 
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If the Data Delay FIFO is being backpressured by the 
Reassembly Buffers then the valid routewords obtained from the 
Routeword Voter have to be stored until the Data Delay FIFO is 
released. The Valid Routeword FIFO stores up to 12 8 routewords 
5 corresponding to the number of minimum length fragments that may be 
stored in the Data Delay FIFO in OC192c mode. 



Until a complete fragment has been received it is 
necessary to retain all of the data associated with the routeword. 
C3 The Data Delay FIFO stores the raw data from the transceivers until 
15 the stripe amount of the fragment has been determined from the 
CO routeword. If no valid routeword was received then the data in the 
Data Delay FIFO following the last valid routeword has to be 
£n skipped. 

The Reassembly Buffer is where fragmented packets are 
IJ reassembled prior to being reformatted for transmission on the BOB. 
M There is a separate Reassembly Buffer for unicast and for multicast 
It traffic since fragments from each context may be received 
interleaved. Each Reassembly Buffer must be large enough to store 
a single 64KB packet plus additional storage to compensate for the 
2 0 Output Select latency following the Checksum Check. 



The Output Select FIFO is sized to allow for one 64K 
packet followed by a stream of ATM cells or smallest possible 
packet size packets. The data stored in this FIFO is the 
combination of input data lanes to use in reconstructing the data. 
25 This FIFO is sized as 64K/52 bytes = 1261 entries. Each entry has 
two fields: (1) a port select field and (2) a byte count. The port 
select field is 13 bits wide and indicates that the selected input 
ports to be used. The only values written with non-zero data will 
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be for valid entries, so the output data select will first count 
ones and use that to figure out the width of each selected 
interface. The second field is a 16 bit byte count is stored in 
the FIFO to track packet size. (The actual needed size on this 
5 FIFO should actually be (64K-8K)/52 bytes or 1102 entries.) Actual 
grown size will probably be 12 8 0 words (1K+256) . 



After the input combination is selected, the data for 
either a unicast or multicast context is converted from 3 -byte to 
O 4-byte cycles and stored in the BOB Data FIFO for the same context. 
|jf> The order in which the packet was selected determines the order in 
in which it is transmitted on the BOB. This orders the packets by the 
ij: arrival of their final fragments. 

; 7 In OC192c mode, four Unstripers will get data in 

H parallel. The four Unstripers will exchange routeword information 
1*5 on the cell receipt and also exchange end of packet information. 
U After CRC checks, the pass/fail information will be passed from 
*IZ each slave Unstriper to the master Unstriper which will then make 

a decision on which lane is accepted across all chips and transmit 

that decision to each slave Unstriper. 



2 0 Routeword exchange is used so that all four Unstripers 

have the complete routeword. Bits are voted locally in each 
Unstriper to see if they match. The resulting bits out of 
routeword voting are passed to all Unstripers on a clock cycle by 
clock cycle basis. Each Unstriper starts transmitting and flagging 

25 routeword exchange at the receipt of a synch pulse on the backplane 
and data is exchanged every clock cycle thereafter until the next 
re synch event. 
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After routeword exchange, all four Unstripers have the 
entire fabric routeword. 





Pin Name 


Number 
of copies 


Function 




RW_SYNC_in(2:0) 


1 


1 cycle pulse to indicate a synch pulse. All sync pulses are 
lined up to form valid routewords. 


5 


RW_SYNC_out 


1 


Gives indication that a sync pulse was received and routeword 
data will start to follow. 




RW_out(3:0) 


1 


Routeword data output to each Unstriper 




RW_in(3:0) 


3 


Gives the incoming routeword data from the each of the other 
Unstripers. 




RW_CLK_in(2:0) 


1 


Clock for the routeword/sync in bits from each Unstriper. 




RW_CLK_out 


3 


Clock for outgoing routeword/sync indication. 



if The parity exchange bus is used to communicate parity 

V: information between the Unstripers. For certain stripe amounts, 

the parity exchange bus must communciate certain data bits (or the 
M exclusive-or of certain data bits) between Unstripers. The Parity 

Exchange bus enables each Unstriper to send 8 -bits of data to each 
US of the other Unstripers each clock cycle. 



20 



Pin Name 



PE_SOP(2:0) 
PE_CLK_in(2:0) 

PE_CLK_out 
PE_VALID_in(2:0) 
PE_VALID_out 
PE_DATA_out(15:0) 



Number Function 
of copies 

1 1 cycle pulse to indicate to advance to the next 
cell/packet. 

1 Each chip receives a clock for the associcated SOP 

signal. Note that the SOP is multidropped, the clock is 
not. (Each chip drives 3 copies of its clock, so it has 3 
outputs and 3 inputs). 

3 Clock sent out with each lane of data to the other 
Unstripers. 

1 When asserted indicates that the other inputs contain 
valid data. 

1 Asserted to indicate that the other outputs contain valid 
data. 

3 Exchanges the bits necessary for parity calculation. 

Exact exchange depends on the number of fabrics. Each 
chip has an output 16-bit data bus for every other 



Unstriper. The exact data exchanged on these busses 
depends on the stripe amount. Each Unstriper will start 
driving data at the same time as PEJSOP. 

PEJ3ATAjtti(15:0) 3 Received parity data from each Unstriper. This data is 
synchronous with the corresponding PECLKin. 



The error exchange bus allows three chips to communicate 
to a master the individual pass/fail results of the thirteen CRCs 
run by the chip and an indication of a parity error in the incoming 
data. The master combines the results of all of the chips together 
into one passing lane and signals the passing lane on the CRC 
selection pins. Note that there are only two valid passing 
configurations for any given packet. Either one CRC can pass and 
all others fail or all CRCs can pass. 



The individual fields of this bus are given in the table 

below. 



Label 


Direction 


Function 


EEJParity 


Slave- 1 bit output 
Master-3 bit input 


Driven low to indicate a parity error. Valid at the same 
time as CRC results. 


EE_CRC(3:0) 


Slave-4 bit output 
Master- 12 bit input 


Slave-drives: 
"1111" -idle 
"1110" -all CRCs pass 
"1101" = drop 

"0000"-" 1 100" - passing input combination 

Note that no drop will occur until the output select 
signals a drop. 


EE_Valid 


Slave- 1 bit output 

Master-3 bit input/ 1 
bit output 


Gives the source clock for the outputs running between 
chips. Each chip will drive its EE_CRC and EE_Parity 
bits based on its local clock and then ship all of these 
to the other sources. 


EE_OutSel(3:0) 


Slave-4 bit input 
Master-4 bit output 


Master-drives: 

"1111"= packet should be trapped 
"1110" = idle 
"1101" = drop 
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"0000"-" 1100" for a valid output select. 


EE_Clk 


Slave- 1 bit output 
Master-3 bit output/ 
3 bit input 


Clock signal for error data or output select. 



40 The master/slave configuration is based on the relative 

chip id of the chip in the chipset. Chip 0 is treated as the 
master and chips 1, 2, and 3 are treated as slaves. Chip 0 is 
responsible for enforcing the trap condition in OC192c operation 
and will maintain the error counters and generate any error 

M> conditions due to interrupts exceeding thresholds. 

The SOP/C Synchronization Bus is provided to minimize the 
£n skew of the BOB SOP/C signals coming from each Unstriper. Each 
W Unstriper sends its BOB_SOP_C signal to each of the other Unsripers 
L and receives theirs. The packet is transmitted on the cycle 
BO following the receipt of all of the SOP/Cs. If all of the SOP/Cs 
fT are not received within the allotted time the SOP/C Sync Err bit is 
Q asserted in the Main Status Register. Note that these signals are 
not source synchronous . 

The Unstripers are connected in a bit interleaved fashion 
55 similar to the Stripers in OC192c mode. One pin is used to 
indicate from the master to the three slaves that a new packet/cell 
is about to be started. This signal is asserted 3 clocks before 
the start of the data. This signal is synchronous with the output 
clock domain. The signal is driven to a one to indicate the start 
60 of a packet, driven to a zero to indicate no start. Three clock 
cycles after it appears on the external net, the data will be 
driven onto the output bus to the memory controller. 
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The Unstriper provides the capability to terminate 
injected cells/packets which are used to help isolate any error 
conditions present in the switch 10. On receipt of these special 
cells or packets, the Unstriper will process them conventionally, 
5 except that they are not actually passed to the output. Whenever 
a cell or packet is received which is identified as a path error 
cell, its egress routeword is trapped along with an indication if 
the cell was received without error or exactly where the error 
location was seen. Termination cells are flagged as unicast 

W cells with bit 0 of the fabric 14 connection number equal to a one. 

O A FIFO of the routeword data of termination cells received is 
maintained by the Unstriper. When the number of FIFO entries 

ffi exceeds a threshold, an interrupt is generated. 

CO In addition to trapping routewords for the path error 

15 cells, the Unstriper can also optionally trap the routewords for 
O any erroneous cells. 

0 The FIFO is constructed to be 256 entries deep. 

Overflows are dropped on the write side of the FIFO. 

The assignment of data bits to fabrics is done in the 
2 0 context of a bit stream view of the data. The data is viewed as 
being broken into blocks of 48 bits and assignment of data bits to 
fabrics is done within the 48-bit blocks. A start of packet always 
starts a new 48 -bit block. Striping is defined as the mechanism 
that assigns the bit streams to the backplane bus bits. Striping 
25 is defined to meet the following criteria: 

1. OC48 data cannot have more than 8 bits of pad 
required on the backplane bus. A bit assignment 
which has all groups of 12 bits transmitted on the 
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same clock cycle will satisfy this property. For 
example, this states that for data bits 0:35, bits 
0:11 are transmitted on cycle 1, 12:23 on cycle 2 
and 24:35 on cycle 3. The other way to approach 
this would be to allow for shifts within a byte of 
data. For example bit 9 and bit 13 could shift 
positions because bit 9 and bit 15 are part of the 
same byte, so if one is used the other must also be 
used. 

2. OC192 data cannot have more than 40 bits of pad 
required for the backplane bus. Note that this is 
actually a subset of #1 since this requires that 
all groups of 48 are transmitted on the same clock 
cycle for the backplane bus. 

3. The striping definition must not require chip/chip 
communication for data for OC192 operation and the 
backplane busses must exist largely unchanged from 
OC192 and OC48. The assignment of bits to the 
stripers must allow for the same number of bits to 
go to each fabric 14 from each striper in OC192 
mode . 

4. All fabrics must have exactly the same bits going 
to the memory controllers for either an OC48 or an 
OC192 input port. On the output side, the same 
bits leave the memory controller and must be 
convertible into the backplane bus required for 
either an OC48 or an OC192 output port. 



The striping function will be defined by constructing an OC192 
solution and modifying OC48 behavior to match the OC192 solution. 
3 0 For each of the striping configurations, a table will be 
constructed which will give the bit assignments for striping. Each 
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row of this table represents the bits that are connected to the 
stripers in OC192 mode. Each set of 3 columns in the table 
represent the bits sent during one cycle of OC48 operation. The 
following properties will be true for each table: 



5 1. Each 12-bit sub-block will have the same number of 

bits going to each fabric 14, which will satisfy 
constraints 1 and 2. The 12 -bit sub-block is 
composed of 3 columns of all four rows. In order 

n to satisfy the 12 bit sub-block having the same 

|| number of bits to each fabric 14, the destination 

fabric 14 for the first bit from different stripers 

m must rotate among the fabrics present in the switch 

fi io. 

jig 2. Each row in the table will have the same number of 

|5 bits going to each fabric 14. This will satisfy 

£3 constraint number 3 and 4 . 

I* 3. The bits used for OC48 striping and OC192 striping 

O will be the same. This allows the aggregator 32 to 

O convert the streams to one universal stream for the 

2 0 use on the fabric 14. 

The following gives assignments for each of the fabric 14 

configurations which satisfy these properties. 

The parity data which is transmitted is documented in the context 
of a 96 bit frame. This is to allow for parity exchange between 
25 the chips at 125 MHz. 
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The following table gives the fabric assignments for each block of 
48 bits and the output bus assignments for 0C192c operation. 



Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 


BP bus 


F0a(0) 


FOa(l) 


F0a(2) 


F0a(3) 


F0a(4) 


F0a(5) 


F0a(6) 


F0a(7) 


F0a(8) 


F0a(9) 


F0a(10) 


FOa(ll) 


Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 


BP bus 


F0b(0) 


FOb(l) 


F0b(2) 


F0b(3) 


F0b(4) 


F0b(5) 


F0b(6) 


F0b(7) 


F0b(8) 


F0b(9) 


F0b(10) 


FOb(ll) 


Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 


BP bus 


F0c(0) 


FOc(l) 


F0c(2) 


F0c(3) 


F0c(4) 


F0c(5) 


F0c(6) 


F0c(7) 


F0c(8) 


F0c(9) 


F0c(10) 


FOc(ll) 


Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 


BP bus 


F0d(0) 


FOd(l) 


F0d(2) 


F0d(3) 


F0d(4) 


F0d(5) 


F0d(6) 


F0d(7) 


F0d(8) 


F0d(9) 


F0d(10) 


FOd(ll) 



The following table shows the bit order transmitted for OC4 8 
operation. 





Fabric 
(bit) 


Cycle 
0 


Cvcle 1 


Cvcle 2 


Cvcle 3 


if 


F0(0) 


0 


cycle 0 + 24 


cycle 0 + 24 


cycle 0 + 24 




F0(1) 


1 










F0(2) 


2 










F0(3) 


3 










F0(4) 


4 










F0(5) 


5 










F0(6) 


6 










F0(7) 


7 










F0(8) 


8 










F0(9) 


9 








25 


F0(10) 


10 










F0(1 1) 


11 









The parity data is identical to the transmit data. 

The following table gives the fabric assignments for each block 

of 48 bits and the output bus assignments for OC192c operation. 



30 


Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 




BP bus 


F0a(0) 


Fla(0) 


F0a(l) 


Fla(l) 


F0a(2) 


Fla(2) 


F0a(3) 


Fla(3) 


F0a(4) 


Fla{4) 


F0a(5) 


Fla(5) 




Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


Flb(0) 


F0b(0) 


Flb(l) 


F0b(l) 


Flb(2) 


F0b(2) 


Flb(3) 


F0b(3) 


Flb(4) 


F0b(4) 


Flb(5) 


F0b(5) 
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Bit 
BP bus 


2 

FOc(0) 


6 

Flc(0) 


10 
FOc(l) 


14 
Flc(l) 


18 
F0c(2) 


22 
Flc(2) 


26 
F0c(3) 


30 
Flc(3) 


34 
F0c(4) 


38 
Flc(4) 


42 
F0c(5) 


46 
Flc(5) 


Bit 
BP bus 


3 

Fld(O) 


7 

F0d(0) 


11 
Fld(l) 


15 
FOd(l) 


19 
Fld(2) 


23 
F0d(2) 


27 
Fld(3) 


31 
F0d(3) 


35 
Fld(4) 


39 
F0d(4) 


43 
Fld(5) 


47 
F0d(5) 



5 The following table shows the bit order transmitted for OC4 8 
operation. 





Fabric 
(bit) 


Cvcle 0 


Cvcle 1 


Cvcle 2 


Cvcle 3 




F0(0) 


0 


13 


cycle 0 + 24 


cycle 1 + 24 




F0(1) 


2 


15 








F0(2) 


5 


16 








F0(3) 


7 


18 








F0(4) 


8 


21 








F0(5) 


10 


23 








F1(0) 


1 


12 








Fl(l) 


3 


14 








Fl(2) 


4 


17 








Fl(3) 


6 


19 








Fl(4) 


9 


20 






SO 


Fl(5) 


11 


22 







Bit 


Transmit 
stripe 


XORbits 


P0 


0 


0,4 


PI 


2 


2,6 


P2 


1 


1,5 


P3 


3 


3,7 


P4 


0 


8,9 


P5 


2 


10,11 


P6 


1 


13,17 


P7 


3 


15,19 


P8 


0 


16,12 


P9 


2 


18,14 
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P10 


1 


21,20 


Pll 


3 


23,22 



Note that parity bits P12-P24 repeat the pattern of P0-P11 
For generation of parity, 8 bits are exchanged between U0->U1 and 
5 U2->U3 for each 4 8 bit word, one bit in each direction. The 
following table shows the bits transmitted on each parity bus. 
Bits 8 through 15 of the exchange is obtained by adding 96 to 
each value below. 





From 


To 


Bit 7 


Bit 6 


Bit5 


Bit 4 


Bit 3 


Bit 2 


Bitl 


BitO 


1$ 


0 


1 

2 


92 


P40+80 


68 


P28+56 


44 


P 16+32 


20 


P4+8 






3 


















1$ 


1 


0 
2 
3 


P46+93 


81 


P34+69 


57 


P22+45 


33 


P10+21 


9 




2 


0 
1 






















3 


94 


P41+82 


70 


P29+58 


46 


P17+34 


22 


P5+10 




3 


0 
1 






















2 


P47+95 


83 


P35+71 


59 


P23+47 


35 


P11+23 


11 



The following table gives the fabric assignments for each block 
of 4 8 bits and the output bus assignments for OC192c operation. 





Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 


25 


BP bus 


F0a(0) 


Fla(0) 


F2a(0) 


F0a(l) 


Fla(l) 


F2a(l) 


F0a(2) 


Fla(2) 


F2a(2) 


F0a(3) 


Fla(3) 


F2a(3) 




Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


F2b(0) 


F0b(0) 


Flb(0) 


F2b(l) 


F0b(l) 


Flb(l) 


F2b(2) 


F0b(2) 


Flb(2) 


F2b(3) 


F0b(3) 


Flb(3) 




Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 




BP bus 


Flc(0) 


F2c(0) 


F0c(0) 


Flc(l) 


F2c(l) 


F0c(l) 


Flc(2) 


F2c(2) 


F0c(2) 


Flc(3) 


F2c(3) 


F0c(3) 


30 


Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 




BP bus 


F0d(0) 


Fld(0) 


F2d(0) 


F0d(l) 


Fld(l) 


F2d(l) 


F0d(2) 


Fld(2) 


F2d(2) 


F0d(3) 


Fld(3) 


F2d(3) 



The following table shows the bit order transmitted for OC48 
operation. 
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Fabric 


Cycle 


Cvcle 1 


Cvcle 2 


Cvcle 3 






0 






F0(0) 


0 


cycle 0 + 12 


cycle 0 + 24 


cycle 0 + 36 




F0(1) 


3 








5 


F0(2) 


5 










F0(3) 


10 










F1(0) 


2 










Fl(l) 


4 










Fl(2) 


7 








10 


Fl(3) 


9 










F2(0) 


1 










F2(l) 


6 










F2(2) 


8 










F2(3) 


11 









3l5 The parity calculation uses the following: 



Bit 


Transmit 


XORbits 




stripe 




PO 


0 


0,4,8 


PI 


3 


3,7,11 


P2 


1 


1,5,9 


P3 


2 


2,6,10 


P4 


0 


12,16,20 


P5 


3 


15,19,23 


P6 


1 


13,17,21 


P7 


2 


14,18,22 



25 Note that parity bits P8-P15 repeat the pattern of P0-P11. 
Parity generation requires no exchange of bits for OC192c. 



The following table gives the fabric assignments for each block 
of 4 8 bits and the output bus assignments for OC192c operation. 
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Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 




BP bus 


FOa(0) 


Fla(0) 


F2a(0) 


F3a(0) 


FOa(l) 


Fla(l) 


F2a(l) 


F3a(l) 


F0a(2) 


Fla(2) 


F2a(2) 


F3a(2) 




Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


F3b(0) 


FOb(O) 


Flb(0) 


F2b(0) 


F3b(l) 


FOb(l) 


Flb(l) 


F2b(2) 


F3b(2) 


F0b(2) 


Flb(2) 


F2b(2) 


5 


Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 




BP bus 


F2c(0) 


F3c(0) 


F0c(0) 


Flc(0) 


F2c(l) 


F3c(l) 


FOc(l) 


Flc(l) 


F2c(2) 


F3c(2) 


F0c(2) 


Flc(2) 




Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 




BP bus 


Fld(0) 


F2d(0) 


F3d(0) 


FOd(0) 


Fld(l) 


F2d(l) 


F3d(l) 


FOd(l) 


Fld(2) 


F2d(2) 


F3d(2) 


F0d(2) 



in The following table shows the bit order transmitted for OC48 
operation. 



fife 



Fabric 
(bit) 


Cycle 
0 


Cycle 
I 


Cycle 
2 


Cycle 
3 


F0(0) 


0 


15 


26 


37 


F0(1) 


5 


16 


31 


42 


F0(2) 


10 


21 


32 


47 


F1(0) 


3 


14 


25 


36 


Fl(l) 


4 


19 


30 


41 


Fl(2) 


9 


20 


35 


46 


F2(0) 


2 


13 


24 


39 


F2(l) 


7 


18 


29 


40 


F2(2) 


8 


23 


34 


45 


F3(0) 


1 


12 


27 


38 


F3(l) 


6 


17 


28 


43 


F3(2) 


11 


22 


33 


44 



25 The parity calculation uses the following formulas: 



Bit 


Transmit 
stripe 


XORbits 


P0 


0 


0,4,8,11 


PI 


1 


5,9,7,1 


P2 


2 


10,3,2,6 
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Kit 
Oil 


i rdllMllll 


VOV? Kite 
AAJ1\. Vila 




strine 




P3 


3 


15 19 23 22 


P4 


o 


16 20 18 12 


P5 


1 


21,14,13,17 


P6 


2 


26,30,34,33 


P7 


3 


31,35,29,27 


P8 


0 


32,25,24,28 


P9 


1 


37,41,45,44 


P10 


2 


42,46,40,38 


Pll 


3 


47,36,39,43 



ft The following table shows the bits transmitted on each parity 
Vf bus. Bits 8 through 15 of the parity data are obtained by adding 
I'.i 96 to each of the values in the table. 





From 


To 


Bit 7 


Bit 6 


Bit5 


Bit 4 


Bit 3 


Bit 2 


Bitl 


BitO 




0 


1 


92 


P20+72+76+80 






44 


P8+24+28+32 






^5 




2 


88 




P16+60+64+6 




40 




P4+ 12+1 6+20 








3 


84 




8 


P12+56+52+48 


36 






PO+0+4+8 




1 


0 


P21 +85+89+9 


73 






P9+37+41+45 


25 










2 


3 


81 


P1 7+69+61 +6 






33 


P5+21+13+17 








3 




77 


5 


P1 3+49+53+57 




29 




P1 +1+5+9 


20 


2 


0 


P22+86+90+9 




66 




P1 0+38+42+4 




18 








1 


4 


P1 8+74+78+82 


62 




6 


P6+26+30+34 


14 








3 






70 


P14+50+54+58 






22 


P2+2+6+10 




3 


0 


P23+87+91+9 






59 


P1 1+39+43+4 






11 






1 


5 


P1 9+75+79+83 




55 


7 


P7+27+31+35 




7 


25 




2 






P1 5+63+67+7 
1 


51 






P3+15+19+23 


3 



The following table gives the fabric assignments for each block 
of 48 bits and the output bus assignments for OC192c operation. 
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Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 




BP bus 


FOa(0) 


Fla(0) 


F2a(0) 


F3a(0) 


F4a(0) 


F5a(0) 


FOa(l) 


Fla(l) 


F2a(l) 


F3a(l) 


F4a(l) 


F5a(l) 




Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


F3b(0) 


F4b(0) 


F5b(0) 


F0b(0) 


Flb(O) 


F2b(0) 


F3b(l) 


F4b(l) 


F5b(l) 


FOb(l) 


Flb(l) 


F2b(l) 


5 


Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 




BP bus 


FOc(0) 


Flc(0) 


F2c(0) 


F3c(0) 


F4c(0) 


F5c(0) 


FOcOl) 


Flc(l) 


F2c(l) 


F3c(l) 


F4c(l) 


F5c(l) 




Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 




BP bus 


F3d(0) 


F4d(0) 


F5d(0) 


F0d(0) 


Fld(O) 


F2d(0) 


F3d(l) 


F4d(l) 


F5d(l) 


FOd(l) 


Fld(l) 


F2d(l) 



The following table shows the bit order transmitted for OC48 
if operation. 



Fabric 
(bit) 


Cycle 
0 


Cycle 
1 


F0(0) 


0 


13 


F0(1) 


2 


15 


F1(0) 


4 


17 


Fl(l) 


6 


19 


F2(0) 


8 


21 


F2(l) 


10 


23 


F3(0) 


1 


12 


F3(l) 


3 


14 


F4(0) 


5 


16 


F4(l) 


7 


18 


F5(0) 


9 


20 


F5(l) 


11 


22 



2 5 The parity calculation uses the following formulas: 



Bit 


Transmit 
stripe 


XORtrits 


P0 


0 


0,4,8,1,5,9 


PI 


2 


2,6,10,3,7,11 


P2 


1 


13,17,21,12,16,20 


P3 


3 


15,19,23,14,18,22 



Note that parity bits P4-P8 repeat the pattern of P0-P3+24. The 
following table shows the bits on each parity bus. Bits 8 through 
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15 of the parity bus are obtained by adding 96 to each value in 
the table. 



From 


To 


Bit 7 


Bit6 


Bit5 


Bit 4 


Bit 3 


Bit 2 


Bitl 


BjtO 


0 


1 

2 
3 


84+88+92 


P1 2+72+76+8 
0 


60+64+68 


P8+48+52+56 


36+40+44 


P4+24+28+32 


12+16+20 


PO+0+4+8 


1 


0 


P1 5+85+89+9 


73+77+81 


P1 1+61+65+6 


49+53+57 


P7+37+41+45 


25+29+33 


P3+13+17+2 


1+5+9 




2 
3 


3 




9 








1 




2 


0 
1 




















3 


86+90+94 


P1 3+74+78+8 
2 


62+66+70 


P9+50+54+58 


38+42+46 


P5+26+30+34 


14+18+22 


P1+2+6+10 


3 


0 
1 




















2 


P 14+87+91 +9 


75+79+83 


P 10+63+67+7 


51+55+59 


P6+39+43+47 


27+31+35 


P2+15+19+2 


3+7+1 1 






5 




1 








3 





The following table gives the fabric assignments for each block 
of 48 bits and the output bus assignments for OC192c operation. 





Bit 


0 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 




BP bus 


F0a(0) 


Fla(0) 


F2a(0) 


F3a(0) 


F4a(0) 


F5a(0) 


F6a(0) 


F7a(0) 


F8a(0) 


F9a(0) 


F10a(0) 


Flla(0) 


20 


Bit 


1 


5 


9 


13 


17 


21 


25 


29 


33 


37 


41 


45 




BP bus 


F3b(0) 


F4b(0) 


F5b(0) 


F6b(0) 


F7b(0) 


F8b(0) 


F9b(0) 


F10b(0) 


Fllb(0) 


F0b(0) 


Flb(0) 


F2b(0) 




Bit 


2 


6 


10 


14 


18 


22 


26 


30 


34 


38 


42 


46 




BP bus 


F6c(0) 


F7c(0) 


F8c(0) 


F9c(0) 


F10c(0) 


Fllc(0) 


F0c(0) 


Flc(0) 


F2c(0) 


F3c(0) 


F4c(0) 


F5c(0) 




Bit 


3 


7 


11 


15 


19 


23 


27 


31 


35 


39 


43 


47 


25 


BP bus 


F9d(0) 


F10d(0) 


Flld(0) 


F0d(0) 


Fld(0) 


F2d(0) 


F3d(0) 


F4d(0) 


F5d(0) 


F6d(0) 


F7d(0) 


F8d(0) 



The following table shows the bit order transmitted for OC48 
operation. 



Fabric 
(bit) 


Cycle 
0 


Cycle 
1 


Cycle 
2 


Cycle 
3 


F0(0) 


0 


15 


26 


37 
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4 


19 


30 


41 


¥2(0) 


8 


23 


34 


45 


F3(0) 


1 


12 


27 


38 


F4(0) 


5 


16 


31 


42 


F5(0) 


9 


20 


35 


46 


F6(0) 


2 


13 


24 


39 


F7(0) 


6 


17 


28 


43 


F8(0) 


10 


21 


32 


47 


F9(0) 


3 


14 


25 


36 


FIO(O) 


7 


18 


29 


40 


Fll(O) 


11 


22 


33 


44 



The parity calculation uses the following formulas and the 



following aggregator 32 read order 



Bit 


Transmit 


XORbits 




stripe 




P0 


0 


0-11 


PI 


1 


12-23 


P2 


2 


24-35 


P3 


3 


36-47 



The following table shows the bits transmitted on each parity 
20 bus. Bits 8 through 15 of the parity bus are obtained by adding 
96 to each value in the table. 



From 


Jo 


Bit 7 


Bit 6 


Bit5 


Bit4 


Bit3 


Bit 2 


Bit! 


BitO 


0 


1 


84+88+92 


72+76+80 


60+64+68 


P4+48+52+56 


36+40+44 


24+28+32 


12+16+20 


P0+0+4+8 




2 


84+88+92 


72+76+80 


60+64+68 


P4+48+52+56 


36+40+44 


24+28+32 


12+16+20 


PO+0+4+8 




3 


84+88+92 


72+76+80 


60+64+68 


P4+48+52+56 


36+40+44 


24+28+32 


12+16+20 


PO+0+4+8 


1 


0 


85+89+93 


73+77+81 


P5+61 +65+69 


49+53+57 


37+41+45 


25+29+33 


P1 +13+1 7+21 


1+5+9 




2 


85+89+93 


73+77+81 


P5+61 +65+69 


49+53+57 


37+41+45 


25+29+33 


P1+13+17+21 


1+5+9 




3 


85+89+93 


73+77+81 


P5+61 +65+69 


49+53+57 


37+41+45 


25+29+33 


P1+13+17+21 


1+5+9 


2 


0 


86+90+94 


P6+74+78+82 


62+66+70 


50+54+58 


38+42+46 


P2+26+30+34 


14+18+22 


2+6+10 




1 


86+90+94 


P6+74+78+82 


62+66+70 


50+54+58 


38+42+46 


P2+26+30+34 


14+18+22 


2+6+10 




3 


86+90+94 


P6+74+78+82 


62+66+70 


50+54+58 


38+42+46 


P2+26+30+34 


14+18+22 


2+6+10 


3 


0 


P7+87+91+95 


75+79+83 


63+67+71 


51+55+59 


P3+39+43+47 


27+31+35 


15+19+23 


3+7+11 




1 


P7+87+91+95 


75+79+83 


63+67+71 


51+55+59 


P3+39+43+47 


27+31+35 


15+19+23 


3+7+1 1 
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From 


To 


Bit 7 


Bit 6 


BitS 


Bit 4 


Bit 3 


Bit 2 


Bitl 


BitO 




2 


P7+87+91+95 


75+79+83 


63+67+71 


51+55+59 


P3+39+43+47 


27+31+35 


15+19+23 


3+7+11 



When the Unst riper receives a Packet Abort K- character 
over the SOB, the Unstriper should abandon all packets that can't 
be completed with fragments that have already been received (in or 

5 after the Data Delay FIFO/RW Voter) . No indication is provided when 
a packet has been dropped as a result of receiving a Packet Abort. 
The Unstriper expects that at least 12 Idle K-characters are 
received following the Packet Abort K-character as a means of 

h % allowing the Unstriper to re-sync. 

l|§ Given a potential mismatch between the SOB bandwidth and 

sj the BOB bandwidth and the potential for the BOB to be backpressured 
Cn from downstream it is possible that all of the storage within the 
" Unstriper is consumed. When the number of used slots in the Data 
jU Delay FIFO is greater than the contents of the Backpressure 

n9 Threshold Register the Unstriper asserts the USJBP output signal. 
U It is expected that the Separators will stop sending transfers at 
O the next fragment boundary after receiving this signal. If any 
fragments are received when the Data Delay FIFO is full they are 
dropped. If any final fragments are lost then Unstriper will 

2 0 increment the FIFO Full Packet Drop Count register. 

Initial values of all register (reset state) is zero unless 
documented otherwise. 

The version number register is a read only register which allows 
software to see what the version number of the chip is. 

25 Bit Label Function 

lJnused 

15:12 Version number Version number of the chip 

11:0 ASIC ID ASIC ID 
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The main control register controls the configuration of the chip. 



Bit Label 
31:14 Unused 
13 Disable term 

12 
11 



Unused 
Trap corrupts 



10 BOBvalid polarity 



Bob packet wait 



SOP polarity 



7 Unused 

5 OC192c enable 



4:3 OC192cchipid 
2:0 Number of Fabrics 



Function 

Set this bit to a one to disable trapping test cells into the terminate FIFO, 
set to a zero to enable trapping test cells into the terminate FIFO and not 
forwarding the cells to the output stage. 

Set this bit to a one to trap all corrupt cell information into the terminate 
FIFO, set to a zero to only trap test cells terminated in the unstriper. 
' 1' = BOB VALID is active-high. 
'0' = BOBVALID is active-low. 

Determines the latency between the assertion of the BOB_BP_L signal 
and the deassertion of the BOBVALID signal 

' 1' = BOB is idled immediately. 

6 0' = BOB is idled at the end of the next packet/cell. 

T = SOP is active-high. 

£ 0' = SOP is active-low. 

Note for ATM blades, this bit should be a zero. 

Returns the value present on the OC48/ocl92 pin. 
T = OC192c 
'0' - OC48 

Returns the value of the CHIP_MODE(1:0) pins. 

The number of fabrics in the system configuration. The Unstriper can 

handle data striped to two adjacent fabric amounts simultaneously. 

"000" = 1/2 
"001" = 2/3 
"010" = 3/4 
"011" = 4/6-fast 
"100" = 6-fest/6-slow 
"101" = 6-slow/12 
"110" = 6-slow/12 
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This register contains a status information to report errors. 
Reading bits automatically causes them to clear. Status bits will 
be reasserted after the source has cleared its signal and then is 
reasserted. 



Bit Label 

31:10 Unused 

9 Routeword exchange bus 
sync error 

8 Parity exchange bus sync 
error 

7 Error exchange bus sync 
error 

6 BOB SOP/C Sync bus sync 
error 

5 Transceiver error above 
threshold 

4 Terminated FIFO length 
above threshold 

3 Error counter above 
threshold 

2 Synch error 

1 FIFO full drop occurred 

0 Cell Trapped 



Function 

A synchronization error occurred (elastic buffer overflow) on the 
Routeword Exchange Bus. 

A synchronization error occurred (elastic buffer overflow) on the 
Parity Exchange Bus. 

A synchronization error occurred (elastic buffer overflow) on the 
Error Exchange Bus. 

A synchronization error occurred (elastic buffer overflow) on the 
BOB SOP/C Sync Bus. 

One or more of the Gigabit Ethernet transceivers (SOB) error 

counters has exceeded the programmed threshold. The Transceiver 

Error Status register must be read to clear this bit. 

The number of terminated cells (used for switch path fault 

isolation) has exceeded the programmed threshold. 

An error counter has exceeded the programmed threshold. 

An error in the synchronization logic occurred. 

This bit is set to a one when a cell or packet drop has occurred due 

to an internal FIFO being full. 

This bit is set to a one when a cell trap has been triggered. This 
bit is cleared by writing a one back to this bit. 



This register enables an interrupt to be generated when the 
corresponding bit in the Status Register has been set . 



Bit Label 
31:12 Unused 



Function 
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1 1 Routeword exchange bus 
sync error 

1 0 Parity exchange bus sync 
error 

9 Error exchange bus sync 
error 

8 BOB SOP/C Sync bus sync 
error 

7 Transceiver error above 
threshold 



Terminated cells over 
threshold 



5 Parity error 

4 Checksum error 

3 Routeword error 

2 Synch Error 

1 FIFO full 

0 Cell Trapped 



A synchronization error occurred (elastic buffer overflow) on the 
Routeword Exchange Bus. 

A synchronization error occurred (elastic buffer overflow) on the 
Parity Exchange Bus. 

A synchronization error occurred (elastic buffer overflow) on the 
Error Exchange Bus. 

A synchronization error occurred (elastic buffer overflow) on the 
BOB SOP/C Sync Bus. 

One or more of the Gigabit Ethernet transceivers (SOB) error 
counters has exceeded the programmed threshold. The Transceiver 
Error Status register must be read to clear this bit. 
Set this bit to a one to enable the interrupt assertion due to the 
number of terminated cells exceeding a threshold being held in the 
terminated cell FIFO. 

Set this bit to a one to enable the interrupt assertion due to a parity 
threshold exceeded condition. Set this bit to a zero to disable the 
interrupt. 

Set this bit to a one to enable the interrupt assertion due to a 
checksum threshold exceeded condition. Set this bit to a zero to 
disable the interrupt. 

Set this bit to a one to enable the interrupt assertion due to a 
routeword threshold exceeded condition. Set this bit to a zero to 
disable the interrupt. 

Set to bit to a one to generate an interrupt on the assertion of an 
error in the synchronizer. 

Set this bit to a one to enable an interrupt on the dropping of traffic 
due to any FIFO overflow in the chip. 

Set this bit to a one to enable an interrupt if a cell trap executed. 



The Input enable register controls the ports enabled for the input 
busses on the device. Note that this is used to override the 
normal hardware based handshaking on the interfaces. 

Bit Label Function 

12:0 Input Enable Set each bit x to a one to enable input bus x for operation. Note that bit 12 

is the parity fabric, bits 0-1 1 are for fabrics 0-11. 
Disabling an input causes the routeword from that lane to 
automatically be handled as if it mismatches but disables any 
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errors from being counted in lanes which would have used the masked 
data. 

This register is used to control the reading of cells from the data 
FIFO and pushing the data out the DIN_MC bus. Based on internal 
error conditions, it can also be used to stop reading output based 
on certain error conditions to allow debugging to take place. 



Bit 


Label 


Function 


31:5 


Unused 




4 


OC192c driven enables 


Enable drivers for the OC192c configuration. 


3 


Trap on parity 


Set this bit to a one to trap a cell/packet which has a parity error 


2 


Trap on header 


Set this bit to a one to trap a cell/packet which has a header error. 


1 


Trap on checksum 


Set this bit to a one to trap a cell/packet which fails checksum. 


0 


BOB^enable 


Set this bit to a one to enable writes to the DIN_MC bus 



The Backpressure Threshold is used to determine when the Unstriper 
asserts UNS_BP based on the number of entries used in the Data 
Delay FIFO. When the threshold is exceeded the UNS_BP signal is 
asserted until the number of used entries is below the threshold. 
The Separators are expected to stop sending data at a fragment 
boundary . 
Bit Label Function 

7:0 Threshold Number of used entries in the Data Delay FIFO before the UNS BP signal is asserted. 

The default value is 220 corresponding to two minimum length packets in 240G Slow 
mode. 



The Unstriper provides a software interface to the data FIFO as a 
fault isolation aid. The usage of these registers allows for reads 
to be done from the FIFO head, and writes to the done to the tail 
of the FIFO. 

To read a cell/packet from the FIFO, perform the following actions: 
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1. Initialize the Output Enable/Trap enable register to stop 
reads on the desired condition. This will freeze the DIN_MC 
interface at that start of cell/packet. 

2. Wait for the Trap Valid bit to be set in the main status 
5 register. 

3. Start reading. The first read should be done with the Data 
FIFO first read register. This will cause the data to be read 
from the current read pointer. 

4. Perform subsequent reads using the data FIFO increment read. 
i$ This will cause the read pointer to be incremented by one byte 
fft for each read operation and the read performed. 

M Note that this read is not destructive and the data will be read 
%.\ out of the FIFO to the DINJVIC bus when the trap is cleared. 

7 This register selects the FIFO which the FIFO data registers 

|S read/write . 

Bit Label Function 
11 31:2 Unused 

P| 1:0 FIFO select Selects the FIFO. The following encoding is used: 

00- Data FIFO 

01- Parity FIFO 
10-output delay FIFO 



This register reads the byte at the head of the data FIFO. 



20 Bit Label Function 
31:9 Unused 

8 EOP Bit is a one for EOP, zero for non-EOP. 

7:0 Read data Read of this register returns the first byte from the data FIFO. A write to this register 
modifies the first address in the data FIFO 
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This register is used to read/write the next byte from 
the FIFO. The effect of this read is to advance the processor read 
address in the FIFO and to read the resulting data byte. Writing 
to this register writes the next byte of data. Register format is 
5 identical to Data FIFO first read. 

The Unstriper maintains a set of error counters. These 
counters count the occurrences of specific errors within a 
programmable time window. When counter values exceed a programmed 
^ threshold for each counter type, an interrupt is generated and 
j| error bits set in the main status register. Two main event types 
CO are counted on a per lane basis: (1) header errors and (2) invalid 
l'\ checksums . 

- y Counter resets are done via periodic software polling. 

h& It is the intent of the design to have the software read interval 
S reasonably high (0.5 seconds or so) . In the event of an interrupt, 
ll it is the responsibility of software to find and reset the counter 
C3 which caused the interrupt condition. 

All internal error counters are 16 bits since they are in 
the device for failure isolation. Counters will not overflow but 

2 0 will stay at OxFFFF until they are read. Counters automatically 
clear on reads. It is assumed that periodically the SCP will read 
the unstriper error counters to maintain longer interval error 
counts. Interrupts are present to keep the frequency of the 
required counter reads low (one the order of 100 mS-1 second) . The 

25 unstriper will not reset counters at all without software 
intervention . 



The error count status register summarizes the current threshold 
comparison for all error counts. If any of these bits are set, an 
associated bit is set. To clear a bit in the error count status 
register, write a 1 back to the location (s) to be cleared. Any 
bits which have a zero written back will remain unchanged. 



Bit 

28 

27 
26 



Label 

Routeword NF Error Count above 
threshold 



Routeword Parity Error Count 
above threshld 



Parity count above threshold 
25:13 Routeword count above threshold 

12:0 Checksum count above threshold 



Function 

This bit is set when the value in the Rouetword NF Error 
Count register is greater than the value in the Routeword NF 
Error Threshold register 

This bit is set when the value in the Rouetword Parity Error 
Count register is greater than the value in the Routeword 
Parity Error Threshold register 

This bit is set if the number of parity errors exceeds the parity 
error threshold. 

Each bit of this field is set to a one if the routeword errors of 
one input interface has its error count above the threshold for 
routeword errors. 

Each bit of this field is set to a one if the checksum errors of 
one rebuilt data stream has its error count above the threshold 
for checksum errors. 



The Checksum Error Threshold controls the assertion of an error 
indication for checksum errors. When the number of checksum errors 
for any lane exceeds this register, an error condition is signaled 
in the main status register and an interrupt may be generated. 

Bit Label Function 

15:0 Threshold Threshold value. This is a unsigned 16 bit quantity, comparison is # 
errors>Threshold. 



The Routeword Error Threshold controls the assertion of an error 
indication for routeword errors. When the number of routeword 
errors for any lane exceeds this register, an error condition is 
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signaled in the main status register and an interrupt may be 
generated. 

Bit Label Function 

15:0 Threshold Threshold value. This is a unsigned 16 bit quantity, comparison is # 
errors>Threshold. 



5 The Parity Error Threshold controls the assertion of an error 
indication for parity errors. When the number of parity errors 

^ exceeds this register, an error condition is signaled in the main 

y status register and an interrupt may be generated. 

} n Bit Label Function 

IS 15:0 Threshold Threshold value. This is a unsigned 16 bit quantity, comparison is # 

J errors>Threshold. 



It The Routeword Parity Error Threshold controls the assertion of an 

|T error indication for routeword parity errors. When the number of 

M routeword parity errors exceeds the value in this register, an 

'it error condition is signaled in the error counter status register 

15 and an interrupt may be generated. 

Bit Label Function 

15:0 Threshold Threshold value. This is a unsigned 16 bit quantity, comparison is # 
errors>Threshold. 



The Routeword NF Error Threshold controls the assertion of an error 
indication for routeword NF errors. When the number of routeword 
20 NF errors exceeds the value in this register, an error condition is 
signaled in the Error Counter Status register and an interrupt may 
be generated. 
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Bit Label Function 

15:0 Threshold Threshold value. This is a unsigned 16 bit quantity, comparison is # 
errors>Threshold. 



Each checksum error counter reports a count of checksum error for 
a specific reconstructed data lane. If any checksum error exceeds 
5 the value programmed in the checksum error threshold, an error 
condition is generated and flagged in the main status register. 
These counters will not overflow, but will hold a value of all ones 
[ft until reset. Counters are incremented if a checksum error occurs. 
j;if Counters reset when it is read by software. 
Bit Label Function 

1 5 :0 Error count Gives number of checksum errors seen on this reconstruction lane 
since the last counter read. 



I- Each routeword error count reports a count of routeword errors for 
12 a specific input data lane. If any checksum error exceeds the value 
?3 programmed in the Routeword Error Threshold, an error condition is 
15 generated and flagged in the Main Status register. These counters 

will not overflow, but will hold a value of all ones until reset. 

Counters are incremented if a routeword error occurs. Counters 

reset when read by software. 



Bit Label Function 
2 0 15:0 Error count Counts the number of routeword errors on a given input lane. 

A lane not having a' routeword is treated as a routeword of zero for 

comparison purposes. 
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The parity error counter register reports a count of parity errors 
for the incoming data. If the parity error counter exceeds the 
value programmed in the parity error threshold, an error condition 
is generated and flagged in the main status register. This counter 
5 will not overflow, but will hold a value of all ones until reset. 
This counter is incremented if a parity error occurs. Counters 
reset when read by software . 

Q Bit Label Function 

m 15:0 Error count Number of parity errors seen since last counter read. 

1® The Routeword Parity Error Count register reports a count of 
* y routeword parity errors for the voted routeword data. If the 
I* Routeword Parity Error Count exceeds the value programmed in the 
p Routeword Parity Error Threshold, an error condition is generated 
y: and flagged in the Error Counter Status register. This counter 
It will not overflow, but will hold a value of all ones until reset. 

This counter is incremented if a routeword parity error occurs. 

Counters reset when read by software. 
Bit Label Function 

15:0 Error count Number of routeword parity errors seen since last counter read. 



2 0 The routeword NF error count register reports a count of routeword 
NF errors for the voted routeword data. If the routeword NF error 
counter exceeds the value programmed in the routeword NF error 
threshold, an error condition is generated and flagged in the Error 
Counter Status register. This counter will not overflow, but will 

25 hold a value of all ones until reset. This counter is 
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incremented if a routeword NF error occurs. Counters reset when 
read by software. 

Bit Label Function 

15:0 Error count Number of routeword NF consistency errors seen since last counter read. 



5 The Unstriper maintains a single counter for all packets dropped. 

The only drop conditions which can occur in the Unstriper are due 
*i to FIFO full condition or incorrect checksum results. This counter 
Cn is implemented as a 32 -bit counter. 

This counter counts the number of packets dropped due to FIFO full 
10 conditions. 
In Bit Label Function 

U 31:0 Drop_counter Gives the number of drops. Register resets on a read. Writes to the register are 
I- ignored. 



This counter counts the number of packets/cells dropped due to 
checksum failures. 

15 Bit Label Function 

31:0 Drop_counter Gives the number of drops. Register resets on a read. Writes to the register are 

ignored. 

The debug registers are intended as debug aids. 

The debug select register selects which lanes of data have error 
information visible in the other debug registers. 
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Bit Label 

31:8 Unused 

7:4 Queue Select 

3:0 CRC select 



Function 



Selects the synchronization queue to collect statistics on. Queue numbers 
follow the same convention used elsewhere in the Unstriper. 0-11 select the 
numbered input interface, 12 selects the parity interface. 
Selects which CRC to display among the 13 streams. Values 0-C are valid 
for this field. Values 0-11 correspond to the CRC with interface specified 
by the bit number substituted by the parity calculation. Value 12 
corresponds to the value with no parity. 



This register reads the CRC byte selects by the CRC data select 
register. Data is read-only. Writing to this register does not 
affect the CRC calculation at all. 

Bit Label Function 

15:0 CRC data Gives the data for the CRC function. 



The synch debug register is used to monitor the state of the 
synchronization logic. This register returns read data. Some of 
the fields are controlled by the Synch FIFO select register. 



Bit Label Function 

3 1 :24 Min_depth This register holds the minimum depth found of the FIFO selected by the FIFO 

Select Register. The minimum depth found since the last read of this register is 
stored and only updated if a lower minimum is found or the register has just been 
read. 

23:16 Max_depth This register holds the maximum depth found of the FIFO selected by the FIFO 

Select Register. The maximum depth found since the last read of this register is 
stored and only updated if a higher maximum is found or the register has just been 
read. 

15:8 - clk_diff The highest number of negative clocks corrected by the synchronizer logic. 
7 : 0 Clk_diff The clock speed difference register is used as a rough heartbeat for the synch 

logic. It counts the number of clocks in the last pause due to resynch. 

A negative value is represented by a ' V in the MSB of the register. 
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The synch delay register controls configuration of the counters 
used for synchronization. 



Bit Label Function 

31:16 Tick Length Number of clock cycles before the master sequence counter is incremented. The 

tick length controls the time duration which one sequence value is transmitted. 
Dividing the programmed value by either 18 (OC48) or 5 (OC192) gives the 
maximum number of packets which can be transmitted. Due to FIFO limitations, 
this value should be programmed to a value less than or equal to 1024. 

15:0 Pulse Delay Number of clock cycles that the receiver waits before resetting the master 

sequence counter after receiving a sync pulse. . This value should be set to 
be greater than the round trip times + allowable clock drift to ensure the 
receiver has seen data from all the transmitters. 



The synchronizer status register will contain information 
pertaining to the status of various counts and errors in the 
receive synchronizer. All bits in this register are cleared on 
read . 



H) Bit Label Function 

13:0 FIFO overflow A bit is set to a one to indicate a FIFO overflow condition 

occurred. 



The Unstriper provides a FIFO which stores the fabric routewords 
and the memory controller routeword for terminated cells. 
The cell termination threshold controls the number of FIFO entries 
15 which generate an interrupt. Once the status bit is asserted, it 
will remain asserted until the FIFO is emptied. 



Bit Label 
31:7 Unused 



Function 
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6:0 Count value If the number of fifo entries > count, the status indication will be 

set. 



The egress RW read register returns the value of the current egress 
routeword from the FIFO. Note that the FIFO advances on the read 
of the Error Syndrone register, so back-to-back reads of this 
5 register will return the same data. 

Bit Label Function 

3 1 :24 Input port Gives the input port (OC48 port number) for the cell. 

, i 23 :0 Mem_ctrl_rw Memory controller connection number 



t'\ The Error Syndrome register returns the value of the error state 
1! assocaited with the current routeword pair. Note that the FIFO 
advances on the read of this register, so the FIFO effectively 
U advances all three registers to the next entry on the read of this 
H register. 

M Bit Label Function 
|l> 31:6 unused 

*~ 5:2 Fabric_id Gives the fabric identifier of where the suspected error occurred. 0000-101 1 indicate 

fabrics 0-11, 1 100 indicates the parity fabric, 1 1 10 is reserved, and 1111 indicates that 
no conclusive result was possible. 
1 Data_err 1 indicates error seen in data for the input channel indicates 
0 Hdr_err 1 indicates error seen in header for the input channel 



The Transceiver Error Status register as one bit for each 
2 0 Transceiver Error Counter register. When one of the error counters 
exceeds the threshold the corresponding bit in this register is 
set. A bit is cleared when the corresponding counter register is 
read. 
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Bit Label Function 
31:14 Unused 

1 3 :0 Counter over Bit x is set if Transceiver Error Counter(x) > Transceiver Error 

threshold Threshold. 



Bit Label Function 
31:16 Unused 

15:0 Threshold Value that when exceeded by a Transceiver Error Counter will cause that 

va * ue counter's bit in the Transceiver Error Status register to be set. 



The Transceiver Error Count Select register determines which of the 
ih 14 Gigabit Transceiver Error Count registers will be provide the 

value that is returned when the Transceiver Error Count register is 
If read. 

I\ Bit Label Function 
r| 31:4 Unused 

I * 3:0 Counter select Selects the Transcevier Error Count register that will be accessed when 



Each Gigabit Ethernet Transceiver has a counter that counts the 
15 number of times the status bits from that transceiver indicates 
that an error has occurred. When the Transceiver Error Count 
register is read the error count of the transceiver selected in the 
Transceiver Error Count Control register will be returned. 

Bit Label Function 
2 0 31:16 Unused 

15:0 Count value Number of times the status bits of the Gigabit Ethernet transceiver selected 

by the Transceiver Error Count Control register indicated an error since that 
last time this register was read or reset. 
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1 . The unstriper uses 3.3 volt LVTTL signaling for all but the CLOCK125 pin 

2. The CLOCK125 pin uses 3.3 Volt LVDS signaling. 



The following table gives the timing constraints used for timing 

analysis. Designs that meet these constraints should work across 
5 any respins. The columns have the following meanings: 

CLK Gives the reference clock for the timing. All timing values are given in 
f reference to the clock signal arriving at the associated clock pin on 

,i Unstriper. 

Cn Minjime This gives the minimum amount of time between the clock signal and the 

in output transition. This can be used to calculate hold time. 

* j ; Maxjime This gives the maximum amount of time until an output signal is stable. 

*2 Output Load Load used for max_time. Other loads can be used, greater loads increase 

*2 time, smaller loads decrease time. 

10 Drive Type of drive book. 

h& Comments Any comments (primarily on the derivation of output load). 



Pin ClkM Max Output Drive Comme 

in Time Load nts 
Time 1 

TDO TCK 10 pF 



The following table gives the input timing, 
15 following meanings: 



The columns have the 



CLK 



Setup/hold 
Pin cap 
Comments 



Gives the reference clock for the timing. A value of N/A either means the 

signal is not speced for transition or that the signal is not assumed to 

asynchronous with respect to all input clocks. 

same thing they mean everywhere else. 

Pin capacitance presented by the receiver or bidi. 

Any comments (primarily on the derivation of output load). 
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Pin Clk Setup Hold 5V tol Pin Comments 

(ns) Cap 

TRST N/A NA NA Y 6.8 pF Async. 

RESET L N/A NA NA Y 6.8 pF Async 



The chip was timed assuming the following arrival times for clocks: 

5 Clock Clock Supported Notes 

Skew 

AD_CLK any Any AD_CLK is asynchronous with rest of chip. 

* % Unstriper supports speeds from 20MHz to 33MHz 

CH on AD_CLK. The speed limit on the AD clock is 

gi primarily I/O timing related, chip internals run up to 

e s 40. Any applications which desire above 33 MHz 

ul should talk to the design team. 

?7 Although the invention has been described in detail in 

O the foregoing embodiments for the purpose of illustration, it is to 
' 3 be understood that such detail is solely for that purpose and that 
10 variations can be made therein by those skilled in the art without 

departing from the spirit and scope of the invention except as it 

may be described by the following claims. 
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WHAT IS CLAIMED IS : 
l/ A switch of a network for switching data comprising: 
a fabric for switching the data; 

a connection mechanism connected to the fabric for 
providing data to and from the fabric; 

a first port card which receives data at a first rate 
from the network or sends data at the first rate to the network, 
the first port card connected to the connection mechanism to send 
data to or receive the data from the fabric at a connection rate; 
and 

a second port card which receives data at a second rate 
from the network or sends data at the second rate to the network, 
the second port card connected to the connection mechanism to send 
data to or receive data from the fabric at the connection rate, the 
second port card separating the data received at the second rate 
into streams of data that together equal the data received at the 
second port card that are sent concurrently at the connection rate 
to the fabric and combine the data streams received at the 
connection rate into data that is sent at the second rate to the 
network. 

2 . A switch as described in Claim 1 wherein the 
connection rate equals the first rate and the second rate is equal 
to N times the first rate, where N is an integer greater than or 
equal to 2, and there are N streams. 
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3 . A switch as described in Claim 2 wherein the 
connection mechanism includes a backplane bus that connects the 
first port card and the second port card to the fabric. 

4. A switch as described in Claim 3 wherein the second 
port card maps the data received at the second rate onto the bus in 
interleaved fashion. 

5 . A system as described in Claim 4 wherein the second 
port card maps the data received at the second rate onto the bus in 
4 bit interleaved fashion, and N equals 4. 

6. A switch as described in Claim 5 wherein the first 
port card has a first striper which takes the data it receives and 
sends it on the backplane bus as an 0C48 data pipe to the fabric, 
and the second port card has a second striper which takes the data 
it receives and sends it as 4 OC48 data pipes to the fabric. 

7. A switch as described in Claim 6 wherein the first 
port card has a first unstriper which receives data from the fabric 
on an OC48 data pipe and the second port card has a second 
unstriper which receives data from the fabric on 4 OC48 data pipes 
and concatenates the 4 OC4 8 data pipes to form 1 wide data bus to 
send the data as OC192 data to the network. 

8. A switch as described in Claim 7 wherein the first 
and second striper stripe data they receive on a 48 bit basis to 
the fabric. 
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9. A switch as described in Claim 8 wherein the first 
and second stripers stripe data so the data does not exceed a 12 
bit boundary. 

10. A switch as described in Claim 9 wherein the fabric 
has an aggregator which receives data from the first and second 
stripers, and a separator which sends data from the fabric to the 
first unstriper and the second unstriper. 

IV. A method for switching data in a network comprising 
the steps of : 

receiving data at a first rate from the network at a 
first port card of a switch; 

receiving data at a second rate from the network at a 
second port card of the switch; 

sending data from the first port card to a fabric of the 
switch to a connection mechanism of the switch at a connection 
rate ; 

separating the data received at the second rate at the 
second port card into streams of data that together equal the data 
received at the second port card; and 

sending concurrently at the connection rate to the fabric 
from the second port card the stream of data along the connection 
mechanism. 
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12. A method as described in Claim 11 wherein the 
connection rate equals the first rate and the second rate is equal 
to N times the first rate, where N is an integer greater than or 
equal to 2 , and there are N streams . 

13. A method as described in Claim 12 wherein the 
connection mechanism includes a backplane bus that connects the 
first port card and the second port card to the fabric. 

14. A method as described in Claim 13 wherein the 
sending concurrently step includes the step of mapping with the 
second port card the data received at the second rate onto the bus 
in interleaved fashion. 

15. A method as described in Claim 14 wherein the 
mapping step includes the step of mapping with the second port card 
the data received at the second rate onto the bus in 4 bit 
interleaved fashion, and N equals 4. 

16. A method as described in Claim 15 wherein the first 
port card has a first striper and the second port card has a second 
striper, and wherein the sending data from the first port card step 
includes the step of sending the data on the backplane bus with the 
first striper as an OC482 data pipe to the fabric and the mapping 
step includes the step of sending the data received by the second 
striper as 4 OC48 data pipes on the backplane bus to the fabric. 

17. A method as described in Claim 16 wherein the first 
port card has a first unst riper and the second port card has a 
second unstriper, and including after the sending the data by the 
second striper step, there are the steps and of receiving data from 



-88- 



the fabric on an OC4 8 data pipe at the first port card, receiving 
data from the fabric on 4 OC48 data pipes at the second port card, 
and concatenating the 4 OC48 data pipes to form 1 wide data bus to 
send the data as OC192 data to the network by the second port card. 

18. A method as described in Claim 17 wherein the first 
port card sending step includes the step of striping data with the 
first striper on a 48 bit basis to the fabric, and the second port 
card sending step includes the step of striping data with the 
second striper on a 48 bit basis to the fabric through the bus. 

19. A method as described in Claim 18 wherein the first 
striper sending step includes the step of striping data to the 
fabric through the bus so the data does not exceed a 12 bit 
boundary, and the second striper sending step includes the step of 
striping data to the fabric through the bus so the data does not 
exceed a 12 bit boundary. 
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ABS TRACT OF THE DISCLOSURE 

DUAL OPTIMALITY FOR DIFFERENT DATA RATE BACKPLANE TRANSFERS 

A switch of a network for switching data. The switch 
includes a fabric for switching the data. The switch includes a 
connection mechanism connected to the fabric for providing data to 
and from the fabric. The switch includes a first port card which 
receives data at a first rate from the network or sends data at the 
first rate to the network. The first port card is connected to the 
connection mechanism to send data to or receive the data from the 
fabric at a connection rate. The switch includes a second port 
card which receives data at a second rate from the network or sends 
data at the second rate to the network. The second port card is 
connected to the connection mechanism to send data to or receive 
data from the fabric at the connection rate. The second port card 
separates the data received at the second rate into streams of data 
that together equal the data received at the second port card that 
are sent concurrently at the connection rate to the fabric and 
combine the data streams received at the connection rate into data 
that is sent at the second rate to the network. A method for 
switching data in a network. The method includes the steps of 
receiving data at a first rate from the network at a first port 
card of a switch. Then there is the step of receiving data at a 
second rate from the network at a second port card of the switch. 
Next there is the step of sending data from the first port card to 
a fabric of the switch to a connection mechanism of the switch at 
a connection rate. Then there is the step of separating the data 
received at the second rate at the second port card into streams of 
data that together equal the data received at the second port card. 
Next there is the step of sending concurrently at the connection 
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